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BOOK I. 

CHAPTER 1. 

ClaBSUiIOATION. 

• 

(1.) Notwitiistaniiinii iliu iiitrodiictidn of niachinerv andT 
tlie division of labour in the various hianohes of metal- 
plate work, there is as f!;reat a demand for f^ood metal-jihite 
workere as ever, if not indeed a greater demand than 
formerly, while the oppoftunities for training sneh nu n are 
becoming fewer. An important part of the technical odu- 
oation of those connected with sheet-nu tal work is a know¬ 
ledge of tho setting-out of jtatterns. Bneh kntiwledgo, 
niijuisito always by reason of tho variety of shapes tlutt 
are met^with in articles made of sheet-metal, is ngwadays 
efpeeially needfnl; in that tlio niimher of .articles made of 
sheet metal, through the revival of art metal-work, the 
general advance of scienee, and tho introduction of new 
desigiiii (whieli in many cases have lieen very sucoessfnl), 
in artidos of domestic nse, has considerably increased. It 
is with^ho setting-ont of patterns that this volnine jirinoi- 
pally deals. To ^iractical men, the adv.antagcs. in saving 
of time and material, of having correct patterns to work 
from, are olmous. Whilst, however, the metht^ of treat¬ 
ment Tiere of ^he subject will be essentially practical,^an 
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amount of theory suflScioiit for a thorough comprehension 
of the rules given will be introtluced, a knowledge of rules 
without principles being mere ‘ rule of thumb,’ and not true 
technical education. 

(2><) Sterting in tho following pages with some introduc¬ 
tory pri'olems and other matter, we shall proceed from these 
to the articles for which patterns are required by sheet-metal 
worters and which may be thus conveniently classed and 
subdivided: 

a. Of round surfaces. 

Olass h-PaUf,-mfor Ar- . 
ticks of cqwd taper 

or mchrmbm (pails, , i ^ of curved and 

oval tqapots, gravy 

strainers, &c.). I ( combined. 


.Class II.—Patterm/or Ar- 
ticks of unequal taqvr 
or ineUnation (baths, 
hoppers, canister - 
tops, &c,). 


Sub¬ 

divisions. 


a. Of round surfaces. 
h. Of plane or flat 
surfaces. 

c. Of curved and 
plane surface 
combined. 


Class III .—Patterns for MisceUaneims Articks (elbows, and 
articles of compound bent surface, as vases, acpiarium 
stands, mouldings, itc). 

All these articles will lie found dealt with in their several 
places. 

We shall conclude with a few technical details in respect 
of the metals that metal-jdate workers mostly make use of. 

(3.) The setting out of patterns in sheet-metal work 
belongs to that department of solid geometry krfcwn as 
“Development of Surfaces,” which maybe said to bo the 
spreading Or laying out without rupture the suftmos of 
solids in the plane ifr flat, the plane now being sheet metal. 
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CHAPTEE II. 

Inteoductory I'roblemb ; with Applications. " 
Definitions. 

Straight Line .—A straight line is tho shortest distance 
between two points. 

Note.— If not otlitTwisostuled, lines are nlwaynsnpposed to bestmight. 

Angle .—An angle is tho inclination of two*linos, which 
moot, one to another. Tho linos A B, 0 B in Pig. 1 which 
are inclineil to oaoli other, and moot in B, are said to form 
an angle with one another. To express an angle, tho letter** 
which denote tho two linos forming tho angle are einjiloyed, 
tho letter at the angular point Isdiig jilacod in the middle; 
thus, in Fig. 1, wo speak of tho angle ABC. 

• 

Fra. 1. Fra. 2. Fro. 3, 



(Fig. 2)^moots or stainls on another straight line, CD, so that 
the adjacent angles (or angles on either side of B) A B D, 
A B C, arc equal, then tho line A B is said to he perpendicular 
to, or at right angles with (‘square with’) DC, and each of 
the a»glo8 is a right angle. 
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Parallel Imes. —rarallcl Jiiios aro linos which, if prodnced 
ever so far liotli ways, do not ni«(‘l. 

TrUmyh.-v-h, figiiro hoiind(.‘d hy three lines is called a 
triangle. 

A'tA'iauj^lo of^ which one of the angles is a. right angle is 
called a riyld-atifiM triangle (Kig. :!j; and the side which 
joiiijf tlio two sides (ajntaining the right angle is called the 
hypoilumme (or hypotcinnse). ,l(' all the sides of a triangle 
are equal, the ti-iangle is Pqiiilateral. If it has two sides 
equal, the triangle is humics. If the sides are all unequal, 
tiio triangle is Snilenr. 

Pohjy(m.—k figure having more than four sides is calM 
a polygon. 1 V>1 \ gons art; of two {dasses, reijtilar and irregular. 

Irregular Palyijom have their sidi s and angles unequal. 

Regular PolyijimH have all their sides and angles equal, 
and possess the pnqierty (an iiiq«)itant one for us) tlmt they 
tan always lie inseiihed in circles; i]i other woids, a circle 
can always he drawn ihroiigh the angular points of a regular, 
pedygon (Figs. Id and 13). 

Special iiaiues arc given to icgiilar jiolygons, .according to 
the uumlier of sides they jiossess; Ihius, a [lolygon of five 
sides is a jmriagen ; of six sides,* a hexaguii; of seven, a 
Iwptayim; of eight, an ortoqwi; and so on. 

Qauihilaicrah.—k\\ ligurcs hounded hy foul' lines ai'O 

Pm. -ta. Fig. -It. 


called quadrilaterals. The most iniporlant of thcso^ire the 
Wjuare and ohhnuj nrjectamjlr. In a square (Fig. 4a) the 
sides are all equal and the angles all right angles, and con¬ 
sequently equal. An ohloug or rectangle has all its angles 
rigljt angles, hut only its opposite sides are ei liial. (Fig. ih.) 
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Circle .—A circln is a figuro bontidod liy aonrvi'd lino snoh 
that all points in tho lino aro at an o()iial distanoo from a certain 
iroint within the figure, whmh point is callod t,lieto<'«/rn. 

The hounding line of a circle is called its l■m■nmfernlec. A 
part only of tho cirouiuforenco, no niatt<;r how largt) or :^all, 
is called an arc. An an; containing a (piartcr ol' the circnin- 
feronee is a quailraut. An arc containing half the circnrjfor- 
enco is a sciiiidrde. A lino (liawn from the amtre to any 
point in the circumfiuence is a radius ([ilwal, nufn). The 
lino joining the extremities of any are is a chord. A chord 
that passes through the centre is a diameter. 

A lino drawn from the centre of, and perpendicular to, any 
chord that is not a diameter of a ciicle, will pass throngl* its 
centre. 

In practice a circle, oi- aro, is ‘ descrihod ’ from a chosen, or 
given, centre, and with a chosen, or given, radius. 

If two circles have a common centre, their circumfercncet^ 
are always tho same distance apart. * 

Fia. 5. 



A B (»r B C) is a quadrant. 

A C B is a semicircle. 

0 A (or 0 B, or B (') is a r.idius. 
A D (ihe straight line) is a chord. 
A efis a diai^eter. 
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PECBLEM I. 

To draw an angle, equal to a giucn angle. 

Case I.—Where the ‘ given ’ angle is given hy a drawing. 

'fillspro^dom,though siinjile, is often very useful in practiee. 
especially for olliows, where the angle (technically called 
‘ ralfs ’ or ‘ hevil ’) is marked on paper, and has to bo copied. 

Fio. 6, 



Let A B C (Fig. fl) Iw the given angle. With B as centre 
1),nd radius of any convenient length, dcscrihc an arc cutting 
BA, BC (which may he of any length, gee Def.) in jioints A 
and C. Draw any line I) K,and with 1) as centre and same 
radius as lieforc, dcscrihe an arc cutting D E in B. With K as 
centre and the straight line distance from A to C as radius, 
describe an arc intersecting in F the arc just drawn. From 
D draw a line through F; thou the angle F D E will be equal 
to the given angle ABC. 

iCase n.--Where tho given angle is an angle in already 
existing fixed work. 

The angle to which an equal angle has to be drawn, mSy 
be an angle existing in already fixed work, fixed piping for 
instance; or in brickwork, when, suppose, a cistern may 
have to bo made to fit in an angle between two w^ls. In 
such cases a method often used in practice is to open a two¬ 
fold rule in,the angle which is to be copied. Tho m^is then 
laid down on tho working surface, whatever it may bo (paper, 
board, Ac.), on which the work of drawing an angle equal to 
the existing angle has to lie carried out, and lines are drawn 
und^at surface, along either the outer or inyer edges' of the 
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rule. The rule being then removed, the lines are produced; 
meeting, they give the angle required. 

Case III.—Where the given angle is that of 16xed work, 
and the method of Cask II. is inapplicable. 

With existing fixed work, the method of Case II. is not 
always practicable. A comer may bo so filled that a rule 
cannot be applied. The method to bo now omployed’is as 
follows. Draw lines on the fixed work, say pipings each way 
from the angle; and on each line, from the angle, set off-any^ 
the same distance, say 6 in., and measure the distance between ' 
the free ends of the fi-in. lengths. That is, if A C, A B (Fig. ?)• 

Fw. 7. 




represent the lines diawy on the piping, measure the distonoe 
between B and C. Now on the working surface on which 
the drawing is to b- made, draw any line DE, 6 in. long; 
and with D as centre and radius D E, describe an arc. Next, 
with E as centre, and the distance just measured between B 
and C jp radius, describe an arc cutting the former arc in *P. 
Join F D; then the angle F D E will be equal to the angle 
of the piping. 

Note.—W hen points are ‘joined,’ it is always by Urai^it lines. 
PROBLEM II. 

To dividii <1 Hut: into any nmnher of equal parts. 

Let A B (Pig. 8) bo the given line. T'roiu one of its extre¬ 
mities, say A, draw n line A 3 at any angle to AB, and on it, 
fromtthe angular point, mark off as many jiarts,—of any eon- 
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voniRnt length, hut nil equal to (inch other,—as A B is to be 
divided into. Say that A !> is to he divided into three equal 
jjarts, and tjiat the wjnal lunglhs marked off on A 3 are A to 


Fi.i, s. 



i, 1 to 2, and 2 to .3. n’lien j(dn jiniiit 3 to the B extremity 
of A B, and through tho other ]K]inlsof division, h(!rol and 2, 
drair linos ]iarallel to 3 I!, cutting A H in (I and D. 'J'lieii 
AB is divided as required. 

PKOBLKM 111. 

To hiserl (dlroh; a Vue iiilii tim (■(jiiiii piirle) a glvni line,. 

Let A B (d’ig. 11) he the given line. W iili A as oentro,and 
any radius greater than half its length, deserihe ail indefinite 
arc; and with l!“as ee.ntro and same radius, deserilH) an arc 
intersecting the former arc in ]ioiif(s 1’ and Q. Draw a lino 
through 1’ and (j; this will hisect .A I!. 


l•'lll. !». 

P 



Q 

Note.— It is quite as easy to Iiiseet A B by I’mbleiii 11 .; but tlic method 
shown gives, in P Q, not only a line bisoctiug A It, hula liiieijurimndiculur 
to A B. This must he |>artiouIarly remombored. 
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ntor.LKBf IV. 

the i'rnlfeof a ^ivi'it circhi. 

Lot A lie (Fij;. Iti) lio tlio '■■ivun oircli^. Tiiko aTiy tiiroo 
points A,B,C, in its ciioninloicnoo. .Join 60; fRen 
A15, BC, are chords (m- Jtcl'.) of tho cirolo ABC. Bisect 
AB. BO; tho jiio'nt ot intersection, 0, of tho Ingectin^ Ijjies 
is tho coutro miuiicd. 

Fig. 10. 



I’itUliJ.KM V. 

Tn (h’Rci'ihf. a virrU^ wlilrh shall pass ihratujh any thTvr ghm 
points ilu.t arc lift/ in ihr same straiylit line. 
hei A, r>, C 10) lx* tlu* threo i^iveii |Hiint'. Join 
A ]1, B C. Now llxo oii'clo to bo doNcriltod will niit bt' a circle 
throuj^h A, B, (), unless AB, BC, are chords of it. Let ns 
therefore assumo tiioiu such, and so treating them, find (by* 
Problem O ilie centre of tliat circle. With 0 as centre, 
ana tho distance fnim 0 to A as radius, describe a circle; it 
will pass also through B and 0, as rctpiired. 

PROBLEM VI. 

CHven an^rc of a circle^ to coviplcte the mrcle of tokich it is a 
poriimi. 

Lot A C (Pig. 10) bo th(' given arc; take any throo points 
in it an A, B, 0; join AB. BO 'Bisoot AB, BC by lines 
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intersecting in 0. With,0 as centre, and 0 to A or to any 
point in the arc, as radius the circle can he completed. 

PROBLEM VII. 

To find hhether a given curve is an arc of a circle. 
phoose any three points on the given curve, and hy 
Problem V describe a circle, passing through them. If the 
circle coincides, with the given curve, the curve is an are. 

PROBLEM VIII. 

To bisect a given angle. 

Let ABjO (Pig. 11) bo the given angle. With B as 
centre and any convenient radius doscrilw an arc cutting 
A B, B 0 in D and E. With D and E as centres and any 
convenient distance, greater than half the length of the arc 
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D E as radius describe arcs intersecting in F. Join F to B; 
then F B bisects the given angle. 

PROBLEM IX. 

In a given circle, to inscribe a regular polggmt g^any given 
number of sides 

Divide (Phoblem II.) the diameter A 0 of ihe given circle 
(fig. 12) into as many equal parts as the figure iavto have 
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Bides, here ^ay five. With A airf 0 as eeiitres, and CA as 
radius, dcsovihe arcs intersecting in P. Tlirough P and the 
second point of division of tlio diameter draw*a linoj’li 

Fio. 12. 


A 



cutting the oireumferenco in P); join B A, tlien P> A will be 
one side of the re<]uiivd figure. Jlaik off the lengtli 
frem A round the cireunifcrenee until a marking off n'aches 
B. Then, beginning at ]K>int A, join each point in the- 
circumference to the next following; this will complete the 
polygon. 

Note.—B y this |»rfthleiix a oircuiiitV>r<‘m’e, iiiul lln-refoio fllso oiio-lialf of 
it (Stiniicii'cL'), oiio-tliird of it, ouo-loiirtl) of it (qundiuiit), aud iso ou« cau 
bo divided into any number of etjiial jiarts. 

PKOBLEM X. 

Vo describe any reijnlar fsilygcm, the length of one side being 
given. 

Let A B (Fig. 18) ho the given side of, say, a hexagon. 
With |ither end, hero B, as centre and the length of the 
given side as radius, descrilie an arc. Produce A B to cut 
the arogin X. Divide the semioirclo thus formed into as 
many equal parts (Puodi.em IX., Note) afi the figure is to have 
Bides (six), and join B to the second division point of the 
semicircle oouniing from X. This lino will ho another side 
of thd requireij polygon. Having now tlnee points, ^ B, 
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and the secoiid division pnrnt from X, draw a nircUs tiirongh 
them (Problem V.), and, as a regular lad.ygon cun always be 
inscribed k n circle (see Dcif.), m.irb off the length B A round 


Fm. i:i. 



the cirouinftrencc from A until at the last marking-<i(f, the 
free extremity of tlic second side (the side found) of the 
polygon is reached, then, beginning at A, join each point in 
jthe circumference to the noxi following; this will complete 
the polygon (hexagon). 

PROBLEM XI. 

2'o find the Icmjth of the (■.immfere^x of a circle, the diameter 
bemj (jieen. 

Divide the given diameter A B (Fig. 11 1 into seven equal 
parts (Problem II.). Then three times A B, with (1B, one of 
4he seven parts of A B, added, that is vvith one-seventh of 


Fib. 14 



A B added, will bo the required length of the circumference. 
The somioircle of the figure is Bujicrfluons, but may help to 
m^e the problem more clearly undorstooil. 
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niOBLEM^II. 

To drmo an oval, its Icwjth and width ueing given. 

Draw two lines A B, Cl) (tlio axes of the oval)*|)(;v])^^i- 
cnlar to one another (^Fig. 15), and interseoting in Q. Ma)jo 



0 A and 0 B each Cfitial (o half the length, and 0 Cand 0 D 
each ecjual to half the width of tho oval. From A mark off 
A B e<jual to C1) the width of tho oval, and divide E B into 
three oiiiial, parts. With 0 as centre and radius equal to 
two of the parts, as B 2, d^criho area cutting A B in points 
Q and Q'. With Q and Q' as centres and QQ' as radius 
describe ares interseoting C I) in points P and P'. Join 
P Q, P Q', P' Q and P' Q'; in these lines ]iroduced the end 
and side curves must meet. With Q and Q' as centres and 
Q A as rutius, describe tho end curves, and with P and P' as 
centres and radius P D, describe tho side ciu'ves; this will 
complete the oval. 

Notb;— tlnlcBB van' ia takiai, it may be found that the end nnd aide 
carves will not meet aveimitely, and even with earn this in:o sometimes 
oociit. It is best if ^reat arenrne.y lie required in the length, to draw tho 
cud curves Jrst, ami tiien draw side ourvoa to meet them; or, if the width 
is most important, to draw the side enrvvs first. Tho cetdres (P nnd P') 
for the side curves come inside or outside Ihc curve?, nee.ording as the oval 
is broad or narrow. This figure is sometimes eri-oneonsly called an 
ellipse. It is, however, a gtsMi approximation f-o one, and for most purposes 
whero aiPeltiptieal ^tieie has to be miule, ia very couvenivut 
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PROBLEM XIII. 

2V> .'"W an ef/ri-shipi-d aval, haoiny the length and width given. 

Make A B (^ig. IG) ecjual to the length of the oval, and 
' om A set off A 0 equal to half its width. Through 0 draw 

Fi«. 16. 



an indefinite line Q Q' perpendicular to A B, and with 0 as 
centre and 0 A as radius doserihe the seniicircle 0 A D. 
Join D B; and from D draw D E perpendicular to Q Q' and 
equal to 0 D. Also from E draw E G pari^el to (K!' and 
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intereecting D B in G, and from G«draw G F parallel to D E 
and intersecting Q Q' in F. From B set offB P equal toD F, 
and join P F. Bisect F P and through the point of hiseotion 
draw a line cutting Q Q' in Q. Join QP and prodslfl^t 
indefinitely, and with Q as centre and (PI) a^ raditis 
describe an arc meeting QP produced in 11. Make OQ' 
equal to 0 Q, and join Q' P and produce it indefinitely. 
With Q' as centre, and Q' (4 (e(pial to Q D) as radius, 
describe an arc meeting Q’ P produced in H'. And Vith P 
as centre and P B as ladius de.soribe an arc to meet the arcs 
D H and C H' in 11 and II’; and to complete the egg-shaped 
oval. 


PEOBLEM XIV. 

To dcHcrihe nn dlipae. 

Before working this as a problmn in geometry, let ns draw 
an ellipse non-geoinctrically and get .it some sort of a defini¬ 
tion. This done, wo will solve the jiroblem geometrically, 
and follow that witii a second mechanical method of de¬ 
scribing the cuivo. 

METHOD I.— Meciiasicai. 

A. Irrespective of ditiiensions .—On a piece of cardlward or 
Smooth-faced wood, mark off any two points F, F' (Fig, 17) ^ 
and fix p^s securely in those points. Then take a piece of 
thjjj string or silk, and tie the ends together so as to form a 
loop; of such sixe as will pass quite easily over the pins. 
Next, place the point of a pencil in tho string, and take up 
the slack so that the string, pushed close against the wood, 
shall forSi a triangle, as say, P D F', the pencil point being 
at D. 'Phen, keeping the pencil upriglit, and always in the 
steing, and the string taut, move the pencil along from loft 
to right say, so that it shall make a contfnuous mark. Let 
us trace the course of the mark. Starting from D, the 
penoil;'-i?enstrained always by the string, moves from D to P, 



18. 


METAL-PIiATE WOEK. 


then on to B, P', C, P^, Pi, A, P*, anfl D a<;ain, describing a 
curve which returns into itself; this curve is an clliiiso. 

^Having«dr{iwn tlie ellipse let ns remove the string and 
pins, draw a line from 1' to F', and iirodnce it hoi.h ways to 
te?miimfe in Jho curve, as at 1! and A. Then All is the 
major axis of the elli]>se, and K, F' are its fm't. The inid- 
pj^ut of A B is the (vatre of the ellipse. Aiiv line through 
the ceniro and terminating .both ways in the ellipse is a 
diavieter. The major axis is the longi'st diameter, and is 
commonly called the length of the ellipse. The diameter 
through the centre at right angles to the major axi,s is tho 
shortest diameter, or minor axis, or v. idtli of tho ellipse. 

•Refen’ing to the Fig.;— 

ADl’BfJ is an ellip.se. 

F, F' are its feed (singular,/oeiis). 

A I! is the major axis. 

C1) is the minor axis. 

0 is the centre. 


Fio. 17. 
J) 



We notice with the string md jKneil that *when the 
pencil point reaches P, the triangle formed by tho string is 
F P F'; when it reaches P', the triangle is F P' F'; when it 
reaches P“ the triangle is F P^F'; and when P is reached, 
it is F P^ F'. Looking at these triangles, jt is obvious that 
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F F' is one side of each of them; from which it follows, 
seeing that the loop of string is always of one lengtli, that 
the sum of the other two sides of any of the triangles is 
equal t(» the sura of tlio otlivr two sides of any other of tjl' fliT; 
tliat is to say, F D added to J) F' is equal to F P i<(ldcd .to 
P F', is equal to B' P' added to 1" F', and so on.* 

Which leads us to the following definition. 

DeFINI'I'IOK. 

Ellipse .—The ollipso is a closed curve (that is, a curve 
returning into itself), such that the sum of the distances of 
any point in the eui-vo from (K'rtain two jsiints (foci), inside 
the curve is always tlio same. 

B. Length and width ginen. — Knowdng now what am 
ellipse is, wc can Work to dimensions. Those usuhlly' given 
are the length (major axis), and width (minor axis). Draw 
AB, OD (Fig. 17), the given axes, and with cither ex¬ 
tremity, C or 1), of the minor axis as centre, and half A B, 
the major axis .as radius, descrilw an arc cutting A B in F 
and P'. i'ix pins securely in I’, F' and D (or C). Then, 
having tied a piece of thin string or silk firmly round the 
throe pins, remove the lun at I) (or 0); jmt, in place of it, 
a pencil point in tho strii^; and proceed to mark out the 
ellipse as above explained. 

METHOD II.— Geometrical.—The Solution of the 

PliOBLHM. LesotII AND WlDTIl GIVEN. 

^raw i!b, CD (Fig. 17),tho maj..r and minor axes. With 
C or D as centre, and half the major axis, 0 B ajiy, as radius, 
describe arcs cutting A B in P and I". On A B, and between 
Oand F', mark points-any number rnd anywhere, except 
that it inadvisable to mark the points tloser to each other 
as they approach F'. Let tho iwints hero be 1, 2, and 3. 
With F aiRl F' as centres and A 2, B '.i ,is radii respectively, 
describe arcs intersecting in P; with s.amfi centres and A3, 
B3 as radii rnspeidively, describe arcs intersecting in P'. 
With Fiand If as centres and A3, B3 as radii lospectively. 
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describe arcs intersecting in P®. With same centres and 
A 2, B 2 as radii rcsiwctivoly, descril)e arcs intersecting in 
P^. Similarly obtain F^. Wo have tlms nine points, D, Pi 
Bj-ri', C, ^’^.P^ A and P*, through wl.'’ fh an even curve may 
be irit ’n wliicli will be the ellipse required. A greater 
number of p« iuts through which to draw the ellipse may of 
course be obtained by taking more iwints between 0 and F', 
and proceeding as ex]dained. 

METHOD IIL—Meoiunicai,.—I jEsriTii and Width 

OIVIN. 

As it is not always possible to proceed as described 
at end of Meilmd J., for pins cannot always bo fi-xed in the 
material to be drawm upon, wo now give a second mecha¬ 
nical method. Having drawn (Fig. 18i) AB, CD, the 

FlO. 18a. Fra. 186. 



given axes, then, on a strip of card or stiff papor*X X (Pig. 
18a), mark off frdin one end P, a distance P P equal to half 
the major axis (length), and a distance P E equal to Laff the 
minor axis (width). Place the strip on the axes jn such 
a* position that the point E is on the major axis, and the 
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point F on the minor, and mark a jjoint against tho point P. 
lifow shift X X to a position in which K is closer to B, and 
F closer to C, and again mark a point against P. ^ Proceed 
similarly to mark other points, and finally draw an i veiT 
curve through all tlio points that have been obtained.'^ 


The fiMmmng prohlms deal with shajve often reqnirdft 
hy the metal-plate worher, and will (jive him an idea qf haw 
to adapt to his rapuirements the problems that pireeede. The 
explanation of the me<m<remeni of anjles that coneludea the 
chapter will further assist him in his umdt. 

PEOBLEM XV. 

To dram an oblong with round corners. 

Draw two indefinite linos AB, CD (Fig. 19) perpen¬ 
dicular to one another and interseoting in 0. Make OA 

Pm 19. 



and OB each equal to half the given length; and OC and 
0 D each equal to half the given width. Through 0 and D 

2 
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draw lincR parallel to A B, and thronirh A and B draw lines 
patallcl to Cl). Wo now liavc a ri'ctaii 2 ;le or olilong, and 
require j^o round tin' conierR, wliicli aie quadrants. Mark 
©fl'^oiu E along ED and EA equal distances EC and EF 
acoorot.ig to thu size of coiner required. With E and (i as 
centres andtEF or EG as radius, descrilN' arcs intersecting' 
in O' With O' as centre and same radius descrik! the 
Bomer FG. 'Pho remaining corners can be drawn in similar 
manner. 

PEOBLEM XVI. 

To draw o JitJ^tre haviiuj strahihl fiihs (ml Simicircular ends 
{oUi/iKj with siimiiirfiilar etuis 

Draw ti lino AB (Fig. 20) equal to the given length; 
make AO and BO' each equal to half the given width. 


Pro. 20. 

J) £ 



Through 0 and O’ draw indefinite lines perpendicular to 
A B; with 0 and O' as centres and OA as radius describe 
arcs cutting the perpendiculars through 0 and O' in D F 
and G E. Join D E, G F ; this will complete the figure 
required. 


ANGLES* AND TlIEllt MEASUBEMENT. 

The right angle B 0 C (Pig. 5) imUewh the quadrant B C. 
It we divide that quadrant into 90 parts and call Ahe parts 
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degrees, then a right angle B>ihten3s or contaiiiK 90 degrees 
(written 90°), or as usually cxiiressed, is an angle of 90 
degrees, the degree being the unit of ineasunimeyt. If each 
division point of the ipuulniiit is joined to O, thf^ right 
angle is divided into 90 angles, each of which subtends or is 
an angle of 1 degi’oe. That is to say, an angle! is nieasured 
by the numlxir of dc'grees that it contains 8upi!oso thU 
quadrant BA is diviiled as was BC, tluui BOA aho is 
an angle of 90 degrees. If the division is continued round 
the semicircle ADC, this will contain 180 degrees, and tlie 
whole circumfenmcc has been divided into 3(i0 degrees. As 
an angloof 90, whicli is a liuii th part of 360 degrees, subtends 
a (luadiunt or fourth part of the circumference of the circlet 
so an angle of 00, which is a sixtli part of 30& dogi’ees, 
subtends a sixth part of the circumfenmcc!, anil similarly an 
angle of 30 degrees subtends a twelfth ]iart, an angle of 46 
an eighth jiart, and so on. And this angular measurement 
is quite independent of the dimensions of the circle; tho 
quadrant always subtends a right angle; the 00 degrees 
angle always .subtends an arc of one sixth of tliii eircuin- 
fertuco ; and the, like with other angles From our defini¬ 
tion p. 6 we have it that a chord is the line joining the 
extremities of any arc. Tho choid of a sixth part of the 
cireuinferenco of any eirclc, we have now to add, is equal to 
the radius of that cirede. This being tho case, and as an 
angle of 60 degrees subti nils tho sixth part of tho circumfer¬ 
ence of a circle, it follows that an angloof 60" subtends a 
chord equal to tho radius. 

SCALE or CTIOllDS. 

Construction .—We have now tho knowliMlge recpiisite for 
setting ou#a scale of chords, by which angles may bo drawn 
and measured. 

On any lino OB (Eig. 21) desitribo a semicircle 0 A B, and 
from its centre C draw C A perpendicular to 0 B. Dividf 
0 A into nine uqu#l purls. Tlieu, as 0 A, beiigg a quadruu^ 
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oontaiiiB 90°, each of the (line divisionB will contnin W. The 
pointBof divi«ion, from 0, of the quadrant, are marked 10,20, 
30, &c., dp to 90 at A. With 0 as centre, descrilie arcs from 
eachV^theso division jioints, cutting (ho line OB. hoto that 
the aic frora^oint CO cnls 0 B in C, the centre of the semi¬ 
circle; the clioid from 0 to CO (not drawn in the Fig.), that 


Fig. 21. Fig. 22. 



is, the chord of one-sixth of the circumference of the circle 
whoso centre is C, heiiig eijuiil to tho radius of that circle. 
Draw a line OE parallel to OH, and from 0 let fall 00 
]iorpendicular to OB. Also from each of the jioints where 
the arcs cut OB let fall perpendiculars lo OB and number 
these consecutively to correspond with tho numbers on the 
quadrant 0 A. Tho scale is now complete. 

Em to me. It is used in this way. Suppose from a point 
A in any line A B (Fig 22) we have to draw a lino aV an 
angle of 30° with it. Then with A as centre and the distance 
from 0 to CO on OE (Fig. 21) as radiu.s, describe an arc CD 
cutting AB in 0. And with C as centre and thfl distance 
from 0 (0 30 on OE (Fig. 21) (the angle to be drawn is to be 
of 30°) as radius descrilio an arc intersecting art C D in D. 
Join DA, then DAC will be the required angle of 80°. 
Similarly with angles of other dimensious. 

In taking the lengths of arcs, we really take the length of 
^eir chords, and it is those lengths that (Fig. 21) Ve have 



METAL-PLATE WOEK. 


23 


sot off along OB. The angle 211 0 CP Che point F is 
the point 00) hning an angle of 00'’ BubtenilK a chord equal to 
the radius; therefore in 0 to 00 wo have the radius 00. In 
the example (Pig. 22), tlie distance CD (0 to 30) is t|?e chord 
of 30°; and it is clear that wo must set this off^on an arc C D 
of a circle of tlic same size as that emjdoveil in the construc¬ 
tion of the scale, and this wo do by making A C txpial 0 to.^ 
on the same scale. 

When a scale of chords has l)een constructed as otfplained, 
the somioirde may lie cut away, and wo tiius get a scale 
convenient for shop use in the form of a rule. 
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CHAPTEH III. 

Pattekks fob AitTicua of Equal Tafeb ob Inclinatior 

((’LA«ri I.) 

(4.) It is iiooc'S'arv licic at oiico to n'lii.'irk tliat srdinary 
workshop pailiiiioc speaks of* slant,’- -- not as nioaning an aiKjlc, 
but a length; not as refoiring to tho angle of inclination of a 
tapering I'otly, but to tho length of its slanting portion. It 
iff in this soinsc tliat wo shall uso tho wonl, and shall omploy 
the word "taper’ or tho torn) ‘inclination of slant’ when 
moaning an angle. 

(5.) In order th.at the, niles for tho setting out of patterns 
for articles of oipial tajior or inclination may lie liettcr under¬ 
stood and 1 omembered, it is advisable to consider the principles 
on which the rules aro based, as a knowledge of principles 
will often enable a workman himself to find rules for tho 
setting out of patterns for odd work. Tho laasis of the whole 
of the articles in this ('lass is the ?ight cone. It isuoc ssary, 
therefore, to dofino tho right cono and explain some of its 
puiportios. 

Definition. 

(6.) Biijld Cime.—K right cono is a solid figure fljonorated 
or formed by tho revolution « fa right-angled triangle absmt 
one of tho sides conptining the right angle. I'ho side 
about which tho triangle revolves is the nzk of tho cone; 
the other side containing the right angle lining it^ radm. 
Tho point of tho cono is its apex; tho circular end its bam. 
Tho hypotenuse of the triangle is the slant of ,the cone. 
From the method of formation of the right cono, it follows 
that the axis is per]iendicular to tho base. The height of 
the cone is the length of its axis 

(7.) Ei fcrring to Fig. la, 011E ropresonjis n com? gene- 
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rated or formed by thu rovohitiSn of tho right-angled tri¬ 
angle 0 A B (Fig. 16) about one of ite sides containing the 
right angle, here the siile 0 A. Similarly tlie oflhe 01) F, 

Fig. Ik. Fig. lt.| 


0 0 



Fig. 2(1, is formed by the revoliitioji (■(' O C H (Fig. 26) alanit 
its side OU. As will bo seen from tlie fig.s., 0 0 0 are 

respectively tho axes of thuaconos 015 K, 0 OF, a, also their 
heights. Their bases are respectively BtiElf, DKFL, 

Fig. 2(1. Fig. 2!i. 



and the radii of tho bases are A B and U1). Tho slants of 
the cones are 0 B and 01), tho apex in either being tho point 
0. Other linos will lx‘ seen in figs., namely, those repre¬ 
senting tho reviving triangle in its motion of generatigg 
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the cone. The sides of those triaiif'los that start from the 
apex and terminate in the base are all equal, it must Ite borne 
it) mind ; had each of tiieni is the slant of the cone. Likewise 
their si^es tliat terminate in A are all eqmil, and each shows 
a radius of tl^c base of the cone. How tlicse particulars of 
the relations to one another of the sover.il parts of the right 
.evte apply in the setting-out of patterns rvill he seen in the 
problems that follow. 


PROBLEM 1. 

■Tvfind the height <if a mtie, the slant and diant'trr of the Imm 
being giren. 

Kraw liny two lim s 0 A, BA (Figs. 3 .and 4) p('r])on- 
dicular to each other and intorsootiug in A. On either line 


Fta. 3. Fig. 4. 



mark off from A*half the diameter of the base, in other 
words, the radius of the base, as A B. With B as centre, and 
radius equal to the slant, describe an arc cutting AO in 0. 
Then 0 A is thj height of the cone. 
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PROBLEM II. 

Tojhtd the sloni of a cotic^ the hci'jht <i7id didMetCT^of the base 
heiutf given. 

Draw any two linos O A, B A ( Figs. 3 and #) iiorpendionlar 
,to oaoli other and intorsooting in A. On either line maik off 
from A half the diameter of the base (ladins of the base)^^ 
A B, and make A 0 on the other lino equal to tlio Jieight of 
the cone; join 0 B. Then 0 B is the required slant 
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CHAPTEB IV. 

PATIEBNa FOB RoUND AMIOLES OF EqUAL TaPEB OB 
Inclination of Slant. 

(Ci.AS3 I. Snhilivlsiin a.) 

(8.) If a ODiii! lias its iiicliiiwl or j-lavitiiij; surface painted 
sa\, white, jnd })0 rolled while wot on a piano so that every 
portion of the surface in sueoesBion touolios the piano, then 
the figure formed on the plane hy the wot paint (see Fig. 5) 


Fin. 



will be ttie pattern for the cone. As the cone rolls (the 
figure represents the cone as rolling), the portion of it. 
touching the plane at any instant is a slant of the acne (see 
§ 7). 

(9.) Examining the figure formed by the wet paiift, we find 
it to be a lectiv ofi a circle, that is, the figure contained 
between two radii of a circle and the arc they cut off. The 
length of the arc hero is clearly equal to the length of the 
cifoumference o£ the liase of the cone, and the radius of the 
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arc evidently equal to the slant <|f the conn. From this It is 
obvious that to draw the jiattoru for a cone, wo ri^qniro to 
know the slant of the cono (which will lie the radius for the 
pattern), and the circuinferenoo of the base of the cone. 


Pb'OBLEM III •• 

To dram tins patten ft/r a emu\ in one piece or in snex/il pieces, 
the shmt and diameter of the base beini/ given. 

Pattekn in one Piece. — With O A (Fis:. 6b) equal to the* 
slant as radius, describe a long arc ACE. What has now 


PiQ. 66. 



to be done is to mark off a length of this are equal to the cir- 
cnmfercD?6 of the liase of the cono. The best and quickest 
way for this is os follows. Draw a line F B (Fig. 6ti) equal 
to the given diameter of the base, and bisect it in 6; then 
G B is a radius of the base. From G draw G E porpondicular 
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to FB; ati3 with G as ccii/.re and radius G B doscriho from 
B an arc meeting GE in E. The arc BE is a quadrant 
(quarter) of the cmimuferonoo of the l;)asa of the cone. 
Divide tliis qnndrunt into a number of equal parts, not too 


Fig. 6a. 



many, say four, by points 1, 2, 3. Prom A (Fig. 66) mark 
off along arc ACE four iini ts, each equal to one of the 
divisions of the quadrant, as froi% A to B. Take this length 
A B equal to the lour jiaits, that is, etpial to the quadrant, 
and from B sot it off throe times along the arc towards E as 
from B to C, C to D, D toE. Join E to 0; then 0 ACEO 
will be the pattern required. 

Note.— It must be noted that when tnis pnllom is bent rounifto fonn the 
cone, the edges OA and OE wdl siiuiily butt up against each otker, 
for no allowance has been made for hp or scam. Let us call the junction 
of 0 A and 0 E the lino of butting. Nor, further, has any allowance been 
made for wiring of the edge ACE. These most essential matters will 
be referred to immediately. 


Pattern in more than one Piece.— If B be joined to 0, 
then the sector 0 A B will be the pattern for onc-qmrter 
of the cone. If C lie joined to 0, then the sector 0 A C is 
the pattern for one-half of it. Similarly 0 A D will give 
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(hree-^arters of the cono. A con* patlorn can thus be made 
in one, two, three, or tour pieces. If tlio cone is required to 
he made in tlirce pieces, then instead of dividing^ as above, 
a quadrant of tlio circumference of the base, divide one-third 
of it into parts, say live; set off five of the p.arts along ACE 
from A, and join the lasi division point to the centre; the 
seotorso-oblainod will le the pattern for mic-tlrirdof thecon^ 
If required ft bo made in fivo^])icc®R, divide a fifth of the 
circumference of the base into equal parts, and proceed as 
before. Similarly for any munlxir of pieces that the pattern 
may be required in. 


PROBLEM IV. 

7o draw the pattern fur a eone, the heiijht and the diameter of 
the haee heinij yiven. 

First find the slant 0 B (Fig. 7a) by Piiobi.em II. Then' 
with A as centre and radius A B, describe B 0 a quadrant of 


Fra. 7a. 


Fiq. 76. 



the circumference of the base, and proceed, as in Prorlem III., 
to draw the pattern Pig. 7b (the plain liuesl. 
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ALLOWANCE FOL lAP, SEAM, WIEING, &o. 

(ID.) K iias alnMuly Loeii statod tliat the gdoinolric pattern 
Fig. 1ms uo ftll«wan<v for stani, wiring, or edging. (For 
the present it is assniiicd tliat tliose toniis are understood; 
wo shall come hack to them later on.) In the pattern 
Fig. 75 the dotted line O' IV parallel to the edge 01! shows 
‘ lap ’ for soldi'i'ed seam. For a ‘ grcaived ’ seam not only must 
there lie tliis allowance, hut there must he a similar allowance 
along the edge 01). These allowances, il must he distinctly 
rcmcmlicrcd, arc always exiras Ui iho geometric pattern; that 
is to say, the junction line of (ID and 0 I>. or lino of hutting 
j«ee Note, Frohlem III) is not interfen d with. And hero a 
rvord of warning is necessary. Sujiposc instead of marking off 
a parallel slip or lap for soldered seam, a slip D 0 D' going off 
to nothing at the centre 0, is marked off, and that then, for 
soldering up, there is actually used not this triangular slip, 
hut a parallel one as UU' 00', the result hronght aliout will 
be that the work will solder up untrue; there will lie, in 
fact, a ‘rise’ at the Imso of the work. We can understand 
the result in this way. 11 the parallel slip DD'Otf' used 
for soldering were cut off, there would remain a pattern 
which is not the goometrio patlern, hut a nondescript 
approximation, having a line of butting other than the true 
line. And it being thus to an untrue pattern that the 
parallel slip for seam is added, the article made up from the 
untrue pattern must of course itself necessarily untrue. 
In the tig. tiie dotted line parallel to the curve of^the 
pattern shows an allowance for wiring. For a grooved seam 
there must l)o on the edge 01) an addition 0 R1)' (F similar 
to the addition on the edge 0 B, as above stated. 

(11.) In working from shop pattcnis for funnols,*oil-hottle 
lops, and similar articles, workm(m often find t^at if they 
take a good lap at the Imttom, and almost nothing at the top 
of the seam, the pattern is tnm. Aiui so it is, for these 
patterns have the triangular slip DOD' added. Whereas, 
jf a parallel piece IXFOlJ' is used for laji, the pattern is 
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pntrne. Which again ia the case, hecause, now, in addition 
^ D OD', an extra triangular piece D 0^ 0 is used, and this 
fextra fa tahen off the gcometrir, pallern. Consequently,* the line 
bf butting is interfered with; that is to say, the two lines 
)B and OD, instead of mooting, overlap; OB forming a 
nnetion with O^D instead of with OD; with which OB 
oust always form a junction, for the pattern to he true. In 
Bttin^ out patterns, to prevent error, the best rule to follow 
pd adopt is, to first mark them out independent of any 
llowanco for seams, or wiring, or edging, and to afterwards 
id on whatever allowances are iiitondod or requisite. In 
ituro diagrams, allowances, where shown, will be mostly 
town by dotted linos. 


|(12.) Fhustum. —If a right cone is out by a plane parallel tc 


Fia. 8a. Fia. 8i. 



^>ase, the part containing the apex is a complete cone, as 
D L (Fig. 8a), and the part 0 A B D containing the 
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base AHBK is a frmttm of the cone. In other words a 
frustum of a right omo is a solid having circular ends, and 
of equal taper or inclination of slant everywhere between 
the ends. Conversely a round equally tainiring body having 
top and base parallel is a fnistinn of a right cmie. 

(18.) Comparing such a solid with round articles of equal 
(..^taper or inclination of slant, as pails, coffee-i)ots, gravy 



Figs. 9. 



strainers, and so on (Fig. 9), it will 
be seen that they are portions 
(frusta) of right cones. 

(14.) In speaking hero of metal- 
plate articles as portions of cones, 
it must be remembered that all 
our patterns are of surfaces, seeing 
that we are dealing with metals 
in sleet; and that these patterns when formed up are not 
solids, but merely simulate solids. It is, how8ver, a con¬ 
venience, and loads to no confusion to entirely dis^gard 
the distinction; the method of expression referred to is 
tlierefore adopted throughout these pages. 

(16.) By Fig. 86 is shown the relations of thetxrne 0 A B 
of Fig. 8a with its portions 0 C D (complete cone out offX and 
CABD (frustum). The portion 00 D is a oBmpleto cone, 
as it is the solid that would be formed by the revolution of 
the right-angled triangle OF I) (bcith figs.) around OP.* 
ITie triangles OFG and OFO (Fig. 8a) represent the 
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tritmffle 0 F D in progrowt of revolution. The triangle 0 E B 
(botli iigs.) is the triangle of revolution of the uncut cone 
OAB (Fig. 8(i) and OEII, OEA represent OB B in pro-, 
gross of ro' olution. The height of the cone OAB being 
OE(both figs.), the height of the cone OCD is OF (both 
figs.). The radius for the construction of pattern of the 
uncut cone 0 A B will be 0 B (both fi gs.) for the pattern ol^ 
OCD, the cone cut off, the radius will l)e 0 D (both figs.). 
In F E, or D M, we havo the height of the frustum. Just as 
(§ 8) the portion of the rolling cone touching the plane at any 
instant is a slant of tho cone, so the slant of a frustum is that 
portion of it, which, if it were sot rolling on a plane, would 
at any instant touch tlie plane. D B is a slant of the» 
frustum C A B D. Tho extremities of a slant of & frustum 
are ‘corresponding points.’ Other detaUs of cone and 
frustum are shown in Fig. 86. 


Fio. la 



(16.) It is obvious that, if the patterns for the cones OAB, 
OCD (Fig. 8a) be drawn (Fig. 10) from a common centre 
0, the figure A C D B will be the pattern for the frustum 

D 2 
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ACDB (Fig. 8o). Froifi which we see that in order to 
draw the pattern for the frustum of a cone, we must know 
the slant of the cone of which the frustum is a portion, that 
is, we must know the radius for tlm construction of the 
pattern of that cone, and also tlie slant (radius for pattern) 
of the cone cut off. 

PROBLEM V. 

Given the dimensions of the ends of a romid eijitul-lapering body 
(fmsimn of riijht cone), and its upriijht height. To find the 
slant, or the height, of the cone of which it is a portion. 

Draw any two lines 0 A, A B (Fig. 11) at right angles to 
each other and intersecting in A. Prom A on either line, 


Pig. 11. 



say on B A, mark off A B equal to half the diameter of the 
larger of the given ends, and from A on the other line make 
A C equal to the given upright height. Draw a line 0 D 
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parallel to A B, or, which is the si me thing, at right angles 
to A 0, and make C D equal to half the diameter of the 
smaller end. Join B D, and produce it, meeting A 0 in 0. 
Then 0 A is the height of the cone of which the tapering 
body is a portion, and 0 B the slant. 

PROBLEM VI. 

To draw the pattern fur a frmtum of a ame, the diameters of the 
ends of the frustum and its upright height being given. 

The Frustum. —Draw any two lines OA, BA (Pig. 12o) 
perpendicular to each other and meeting in A; on one of the 


Fio. 120. 



perpendicujars, say B A, make A B equal to half the longer 
diameter (radius), and on the other make A C e(pial to the 
given upright height. Draw a line C D’perpendicular to 
A 0 and make C D equal to half the shorter diameter. Join 
BD, and produce it, meeting A 0 produced in 0. With A 
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as centre, and radius Ar3, describe quadrant BE, which 
divide into any convenient number of equal parts, here 
four. 

To draw the pattern (Fig. 12fc) take any point 0' as 
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centre, and with radius OB (Big. 12a) describe an arc 
ACE; also with same centre and radius, 01) (Pig. 12a), 
describe an arc A' 0' E'. From any p>int in the outside 
curve, as A, draw a line tlirongh O', and cutting the 
inner arc in A'. From A mark off successively parts equal 
to those into which the quadrant B E (Pig. 12o) is divided, 
and the same numlxjr of them, four, to B. And from B, 
aloug the outer curve, set off B C, C D, D E, each equal to 
AB. Join EO', cutting the inner curve in E’^ 'Ihen 
A A' B' E is the pattern required. 

Just as 0 li (Fig. 12a) is the slant of the cone that would 
be generated by the revolution of right-angled triangle 
OAB around OA, so DB is the slant of the frustum of 
which AA' E'E (Fig. 12h) is the pattern. In tjio pattern 
the slant D B ajipoai s as A A', B B', 0 C, &o. 

Paris of the Frustum —If B lie joined to O’, the figuro A A' 
B' B will be ono-quartor of the patteni of the frustum; and 
if C be joined to O', the iigure A A' C 'C will l)o pattern for- 
one-half of it, and so on. The paragraph “ Pattern in 
more than one Piece ” in Phoblem III. should be re-read in 
connection with this “ Parts of a Frustum.” 

(17.) The problem ncxt»following is important, in that, 
in actual jiractice, the slant of a round equal-tapering body 
is very often given instead of its height, especially in cases 
where the ta])or or inclination of the slant is great; as for 
instance in ceiling-shades. The only difference in the work¬ 
ing out qf the problem from that of Problem VI. is that the 
radii required for the pattern of the body are fo\md from 
other data. Let us take the problem. 


PROBLEM VII. 

To draw (He pattern for a round cqnal-topering hody (frustum of 
right cone), the diameter of the ends and the, slant being given. 

To find the required radii, draw any two lines 0 A, B A 
(Fig. 13) perpendicidar to one another, and meeting in A 
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On either line, as A B, mtko A B equal to half the longer of 
the given diametcis and A C equal to half the shorter. From 
C draw CD perpendicular to AB. With B as centre and 



the given slant as radius, doscAbe an arc cutting CD in B. 
Join B E and produce it to meet A 0 in 0. Then 0 B and 
0 E are the required radii. By E F being drawn parallel to 
A B, comparison may he made between this Fig. and Fig. 
12a, and the difference between Problems VL and VIL 
clearly apprehended. To draw the pattern, proobed a^ in 
Problem VI. 

(18.) For large work and fir round equal-tapering bodies 
which approximate to round bodies without any taper at all, 
the melhod of Problem VI. is often not available, for want 
of space to use the long radii that are necessary for the 
curves of the patterns The next problem shows how to 
deal with such cases; by it a working-centre and long radii 
can be dispensed with. The method gives fairly good 
results. 
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PROBLEM VIII. 

To draw, without long radii, the pattern for a round equal- 
tapering body (frustum of right cone), the diameters of the 
ends and the upright height being given. 

First draw one-quarter of the plan. (To do this, we forel 
stall for couveiiience what is taught in the following chapter.) 


Fiq. 11. 



Draw any two lines BO, CO (Fig. 14) perpendicular to es(h 
other and meeting in 0. With 0 as centre and radius e(jual 
to half the longer diameter, desoviho an arc mooting the lines 
B 0, 0 0 in B and C. With 0 as centre and radius equal to 
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half the shorter diainolJir describe an arc B' C. This 
completes the (ine-tiuartor plan. 

* Now divide B C, tlio largest arc, into any numlier of equal 
parts, say four; and join the points of division to 0 by lines 
entting B'd' in 1', 2', 3'. Join 3'C, and through 3' draw 
3'E perpendietdar to 3'0, and equal to the given upright 
"height. Join (’ 10 ; thon C E may be taken as the true length 
of C3'. Through O'-draw’C'D porpcndieular to CO and 
equal lo the upright height. Join C1); then C1) is the 
true length of CC'. If it is inconvenient to find these irue 
lengths on the plan, it may ho done apart from it, as by 
the triangles P and Q. 

' To set out the pattern. Draw (Fig. 15) any lino 0 C 
equal to C D (Fig. 14). With C” and C as centres and radii 
respectively C E and C 3 (Fig. 14) describe arcs intersecting 
in 3 (Fig. 15). With C and C' as centes and radii respec¬ 
tively CB and C’3' (Fig. 14) describe arcs intersecting in 
3' (Fig. 15). Then C and 3 are two points in the outer 


Pio. 15. 



curve of the pattom, and C' 3' two points in the inner curve. 
To find points 2 and 2', proceed as just explaintd, and with 
the same radii, but 3’ and 3 as centres instead of C' and C. 
Similarly, to find points 1’ and 1, and B' and B. A curved 
line drawn from 0 through 3, 2, and 1 to B will be the outer 
.curve of one-quarter of the required pattern, and a curved 
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line,froni C' through 3', 2', and 1’W) B' its inner curve; that 
is C C' B' B is ono-quartor of the pattern. Four times tlie 
quarter is of course the required pattern complete. 

Note. —In cnHos when; this motliml will lx* moat usefuf, tbc pattern is 
generally required so tiat the article can be made in two, three, four, or 
more pieces. If the pattern is required in three pieci s, onc-third nf tlie 
plan must be drawn (sec endof Problem III., p. 31) iiistenrl of a quarter, 
in Fig. 11; tlio remainder of the coustriictiou will thou be as described 
above. 

(19.) It is often desirable in the case of large work to 
know what the slant or height, whicliever is not given, of 
a round equal-tapering body (frustum of right cone) will be, 
before starting or making the article. Here the following 
problems will be of service. 


PEOBLEM IX. 

To find (he slant of a round eoual-tapertng body (frustum of 
riyht com), the diameters of the ends and the height being 
given. 

Mark off (Pig. 16) from % point 0 in any line 0 B the 
lengths of half the shorter and longer diameters, as 0 0,0 B. 

Pro. 16. 



From C draw C D perpendicular to 0 B. Make C D equal to 
the given height, and join BD. Then BD is the slant 
'equiied. 
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PEOBLi^M X. 

. To find the height of a round equal-tapering body {frustum of 
right cone), the diameters of the ends and tjie slant being 
given. 

Mark off (Fig. 17) from a point 0 in any line 0 B the 
lengths of half the shorter and longer diameters, as in Problem 
IX., and from 0 draw C D perjiendicular to 0 B. With B as 
centre and radius equal to the given slant, describe an arc 
cutting C D in B Tiien C E is the height required. 

Essentially this problem has already been given, in the 
working of Problem VIL 


Fra. 17. Fia. 18. 



PROBLEM XI. 


Otven the slant and the indination of the slant of a Amnd equaJr 
tapering body ; to find its height. * 


Let A B (Fig. 18) be the slant, and the angle that A B 
makes withe A the inclination of the slant. From B let 
fall BD perpendicular to AC. Then BD is 4e height 
required. 


(20.) In the workshop, the inclination of the slant of a 
tapering body is sometimes spoken of as the body being 
so many inches “out of flue.” This will bo explained 
m the following chapter. If the inclination of the slant 
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is given in these tmiis the prohle?n is worked thns. From 
any point 1) in any line C A (Pig. 18) make D A equal in 
length to the nunihor of inches the body is “ out of flue,” and, 
draw D B perpendicular to C A. With .A as. centre and 
nulius equal to the given slant, describe an arc intersecting 
I'B in B. Then B L) will be the height required. 



as 
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CHAPTEK V. 

EQUAL-TAPEBINfl BODIES OP WmCH ToP AND BaSB ABE 
Paballel, and thbib Plans. 

(21.) First let iiB understand wliat a plan is. Fia;. 19 
represents an object Z, made of tin, say, having six faces. 
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circular hole in it. Now BU]>j)OBO*wireB (roprcBonted in the 
fig. by dotted lines), soldered perpendicularly to the 
A B C I) face, at A, B, G, D, a, b, c, d, E, and F (the poiut|i, 
E and F are points at tho extremities of a diameter of the 
circular hole). Also suppo.so wires soldered at G and H 
parallel to the other wires, and that tho free ends of all the 
wires are out to such length that they will, each of them, 
butt up against a flat surfiu:o (jJane), of glass say, X X X X, 
parallel to the A B (! 1) face. Lastly supjioso that all the 
points whore the wires touch the glass are joined by lines 
oon'cspouding to edges of Z (see tho straight lines in the 


Fia. 20. 



figure on the plane); also that E' and P" are joined, that 
the line joining them is bisected, and a circle described 
passing tlujpngh E' and F'. Then the complete representa¬ 
tion obtained is a projeciion of Z. Instead of actually pro- 
jecUng the points by wires, we may make tho doing of it 
another supposition may, find, as if by wires, tho required 
wints, and draw the projection. Tho ABCD face bein^. 
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say 2 inches square, the ^at piece, say 1 inch square, anj 
the hole ^ inch diameter, and the back face G- H K 1 i, saj 
2J in. by 2 in., then the projection that is upon the gla^ 
would be as'shown in Fig. 20. The plane X XXX is here 
supposed vertical, and the projection U'C'D' II' is therefore 
an ehoation; if the plane were horizontal, tho projection 
would bo a plan, and wo might regard A li C D as tho top 
of the body, and (1IIK L as'its base, or rice vend. Wo may 
define a plan then as the representation of a body obtained 
by jnojccting it on to a horizontal plane, by lines perpen¬ 
dicular to the plane. 

(22.) Tho piano X X X X was 8upiK)Bed parallel to the 
•ABCD face of Z; the plan A'lVC'l)' of it is therefore of 
the same ishape as A B C 1 >, and in fact ABCD may be said 
to be its own jilan. Similarly the G'H'D'C is the plan of 
the back-face GIIKL and is of the same shape as that face. 
But the plan of the face AGUE to which tho plane is not. 
parallel is by no moans tho same shape as that face, for the 
long edges B H and A G of the face A G H B are, in plan, 
the short lines B' H' and A' G'. We need not, however, go 
farther into this, because in the case of tho bodios that now 
concern ns, the horizontal plans on which any plan is drawn 
is always Buj)po86d to be parallel to the principal faces of 
the body, so that the plans of those faces are always of the 
same shape as the faces. In this paragraph the plane 
X X X X is supposed to be horizontsL 

(22ffl.) We are now in a position to explain thotgetting at 
the true length of CC' in the fig. of Puom.sai VIII., p.e42; 
or, putting the matter generally, to explain the finding the 
true lengths of lines from their apparent lengths in their 
plans and elevations. Horizontal linos being excepted, there 
is, manifestly, for any line, however positioned in space, a 
vertical plane in which its elevation will appeaf as (if not a 
point) a vertical line. Let B E (Fig. 17, p. 44) be any line' 
in tho plane of the paper, and lot C D lie thp vertical plane 
seen edgeways on which the elevation E C of B E is a vertical 
line. Then if 0 B be a horizontal pla^e seen edgeways* 
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passing through C, the line joining the B extremity of B E 
to the C extremity of its elevation will te the plan of BE. 
We got thns the figure E C B, a figure in one plane, the 
plane of the paper, a right-angled triangle in fact, of which 
the E 0 side is the elevation of B E, the C B side its plan, and 
the hypotenuse the lino itself; a figure, which, as combining 
a lino, its plan, and its elevation, we have under no other- 
conditions than when tlio elevat'on in question is a vertical 
line. In the plane passing through E C and B E, that is, in 
the piano in which these lines wholly lie, we have in the 
lino that wo got by joining 0 with B the plan, full length, 
of BE. In respect of this plau of BE, wo are coneemod 
with no other measurement, because, in a right-angled 
triangle representing a line and its plan and elevtition, no 
other measurement of the plan line can come in. Not so, 
however, with the elevation lino of B E. Hero other mea¬ 
surement of it than its length can and does come in, because 
thiit length varies according to the position of the vortical 
piano with regard to it; the jilan length is always the same. 
But to h.avo in the throe sidew of BOB, the ro|)re8cntation of 
B E, and itr plan and elevation, it is evident that the plan§ 
which contains B E and itsi plau C B must also wholly 
contain the elevation E 0 ; that is, the plane must bo perpen¬ 
dicular to the plane of the triangle. Now, no matter on 
what vortical plane the lino B E is projected, although the 
length of the projection will vary, the vertical distance 
between i^ extremities, tliat is, its height, never varies. 
Henos, if, in any right-angled triangle, we have in the 
hypotenuse the representation of a lino, in one of its sides 
the plan of the lino, and in the other side, not necessarily the 
elevation Jhat comes out vertical, but the height of any 
elevation of the lino, it comes to the same thing as if in the 
latter side vm hod the actual elev.ation that is vertical. And 
hence, further, if wo have given the plan-length of an 
unknown lino, and the vortical distance between its extre¬ 
mities, wo can, by drawing a lino, say CB, equal to the given 
plan-length, then drawing from one of its extremities and at 
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right angles to it, a line.^jay CE, equal to the given vertical 
distance, and finally joining the free extremities, as by BE, 
of those two lines, construct a right-angled triangle, the 
hypotenuse, BE, of which must he the true length of the 
unknown line; for there is no other line than B E of which 
C B and C E can ho, at one and the same time, plan and 
.elevation. W e have e.xplained this true-length matter fully, 
because we have to make use of it abundantly in problems to 
come.. 

(23.) i’roceeding to the bodies wc have to consider, we 


Fig. 2L 



take first a fnistum of a cone. Fig. 21 o. To draw its plan, let 
us suppose the extremities of a diameter of its smaller face 
top (namely jmints A and F of the skeleton drawing Fig. 21li) 
(neither drawing is to dimensions), to ho projeeVod, in the 
way just explained, on to a plane parallel to the I'ace.^ten, 
also as there explained, we can draw the circle which i.s a 
projection of that face. Supiarse the smaller circle of Fig. 22 
to be that circle, and to be to dimensions. Projetfeting now, 
similarly, the extremities of a diameter of the larger face 
(base), namely the 2 ioints C and D of the skeleton drawing, 
on to the same jilane, wo can gut the projection of the larger 
face. Let the larger circle of Fig. 22 Iw that i)rojootion. 
The two circular projections will be cmcerUrio (having the 
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same centre) beoauee the body Z is of equal taper, and they 
will, together, bo the plan of Z, that is Fig. 22 is that plan.^ 
AC and FD each show the slant, and BA and KF thn 
• height. B 0 and D E each show the distances between the 
plans of corresponding points. 


Fill. 


<'f> 



(24.) Turn to the skeleton drawing of Z. Here A C shows a 
slant of tho frustum (§ 16), A B its height (see D M, Fig. 8h), 
and A and 0 are ‘corresponding points’ (§ 15). Looking 
at 0 D E B as at the plan of tho frustum, wo have, in the 
point B, t]he plan of the point A. Joining B C, we get a 
righAangled triangle ABC; the slant A C is its hypotenuse, 
the height A B is one of the sides containing the right angle, 
and the other side containing the right angle, B C, is the 
distance Ijptween the plans of tho corn spending points A and 
C, as also between plans of oon’esponding points of Z any¬ 
where. 'I'his distance is that of how much the body is ‘ out 
of flue ’ (a workshop expression that was referred to at the 
end of the previous chapter), in other words, how much A C 
is out of parallel with A B. What noints. in the plan of 
a frustum, are the plans of corresponding points is shown# 
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by the fig., as the lino joining tbc plans of corresponfiing 
points (tlio line joining B and C or that joining D and E, 
lor instanoc) will alw'ays, if produoed, pass through the 
centre of the circles that constitute tlio plan of the frnstinn; 
the centre of the circles being the plan of the apex of tho 
cone of wliich the frustum is a part. Wliich loads us to 
this; that the distance, actually, hotweeu tho plans of 
corresponding jjoints in the plan of a frustum is 0 (iual to 
half the dillurcnco of the diameters of its two circles; for, 
the differeuco between E15 and 1) C is the sum of D E and 
B C, and D E and B C are oipial; in other words, either 
D E or B C is half the dilferonco between E B and E C. 


Pig. 23a. 



(26.) Lot us now consider another er[ual-taporing body 
which has lo]) and base parallel, and wo will suppose it to 
have flat parallel sides, flat ends, and round ppiadrant) 
comers. Such a body is represonted, cxeei't as to dmion- 
sions, in Z, Figs. 23o and 6; Fig. 236 lioing a skeleton 
drawing of tho body represented in Fig. 23a. Extending 
our definition of ‘ slant ’ to apply to such a body, a ‘ slant ’ 
becomes tho shortest line that can be drawn any whole on 
the slanting surface; and ‘corresponding points’ become, 
in accordance, the extriaue jioints of such line. Either of 
the lines F A, G B, E C, IIL, or M 0 represent a slant of 
tho body, and P and A are corresponding points; as also 
' are 6 and B, E and C, 11 and L, and M and 0. The height 
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of the body is represented by oitner of the lines F A', G B', 
EC, 11L', or MO’. Tlie plane for tlio plan being parallel 
to the M P Q R face (here tlio top) of /,, the plan of that faqp 
is of the same shape as tlio face. The rouud-eornored rect¬ 
angle A'F'O'D'B'C of Fig. lit) is the plan to dimensions. 
For the same reason tho plan of the OATS face (hero the 
base) is of the same shape as that face. The roimd-cornored 
rectangle A F (f D B C of Fig. ‘lit is the plan to dimensions. 
How actually to draw these plans wo shall deal with 
presently as a problem. I'hc two circles constituting tho 
plan of tho frustum wore concontrio, that is, symmetrically 
disposed with resiieet to one another, because the frustum 


Fia. 236. 



was an equal-tajiering body; and tho plans of top and base 
of the body we are now dealing with are symmetrical to each 
othjjr for the same reason. Tho two plans (Fig. 2!)) together 
are tho plan of tho body Z. 

(2G.) Looking at A B C D A' B' C I)' of the skeleton draw¬ 
ing (Fig.^236) as at tho plan of Z, wo have, just as with the 
cono frustum, iii tho point A' tho plan of F, in the point B‘ 
the plan oWl, in the point <" tho )dan of E, in tho point L' 
the plan of II, and in tho point O' tho plan of M. Further as 
in the case of the frustum, if wo join any point in the plan 
of tho base, as A, to tho plan of its corresponding point A', 
then we have a right-angled triangle, F A A', of which thj 
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hypotenuse F A representt the slant of the hody, F A', one 
of the sides containing the right angle, its height, and A' A, 
the other side containing tho riglit angle, the distance 
between tho.plans of tho corresponding jioints F and A, which 
is also tho distance between B and B', C and C', L and L', 0 
and O', and between plans of corresponding points of tho body 
anywhere, the body being of equal taper. As with Fig. 21ii 
what points, in tho jilan, are the plains of corresponding points 
is clear from tho fig. Wh ro the plan of the body consists 
of straight lines, tho plans of corresponding points are always 
the extremities of lines joining those straight lines periion- 
dioularly; the extroinitios of A A', B B', C C, and I. L', for 
jnstanoe. Where the plan of the body consists of arcs, the 
plans of corresponding points (compare witli cone frustum) 
are the extremilies of lines joining tho arcs, and which, pro¬ 
duced, will pass through tho centre from which tho arcs are 
described; tho line 0 O' for instance. To make all this quite 
plain, reference should again be made to Fig. 29; also to 
Fig. 28, which is the plan of an eqral-taporing body with 
top and base parallel, and having flat sides,and semicircular 
ends. In Fig. 29, A A', B B', C C, D D', are lines joining 
the plan lines of the flat sides ard ends perpendicularly, and 
the extremities of each of these lines are plans of correspond¬ 
ing points, that is to say, A and A' are plane of corresponding 
points, as are also B and B', C and C, and D and D'. Also 
F and F' are plans of corresponding points, being the 
extremities of tho lino F F' which is a line joining;^the ends 
of the arcs which are the plans of one of the quadrant 
comers of tho body. Similarly G and G' arc plans of corre¬ 
sponding points. In Fig. 28, F F', G G', I) D', E E', are lines 
joining perpendicularly the plan lines of tho flat sides of the 
body at their extremities whore the semicircular ends begin; 
and F and F', G and G', D atid U', E and E' aj.e plans of 
corresponding points. Also A and A' are plans of corre¬ 
sponding points, and B and B', seeing that the lines joining 
these points, produced, pass respectively through 0 and O', 
^e centres from which Ihe stimiciroular ends are described. 
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In the cone fnistum, the actual distance between the plans at 
correspondinp; points wiis, we saw, e(iual to Inilf the difference 
of tlio diameters of the two circles constituting its plan! 
Similarly with the Issly Z of hig. 23a, and indeed with any 
equal-tapci'ing body of which the top and base are parallel, 
if we have the lengths of the top and base given, or their 
widths, the distance between the plans of corresponding 
points (nnmber of inches ‘out of flue’) is always equal to 
half the diflbrcuce hetwoen the given lengths or'widths. 
Thus, the distance lad ween the plans of corresponding jwints 
of Z is equal to half the difforenC(i between A B and A' B' 
(Fig. 29) or hetwoen OD and CD’; and the distance be¬ 
tween the plans of corrospotidiiig points of the body of whiolf 
Fig. 28 is the plan, is equal to half the difference between 
A B and A' B' of that fig., or between F D and F' D'. 

Summarising wo have 

o. In the plans of equal-tapering bodies which have their 
tops and bases parallel, there' is, all round, an equal distance 
between the plans of oomiSiionding points of the tops and 
bases. 

b. Conversely. -If, in tbo jtjan of a tapering body with top 
and base parallel, there is an equal distance all louud between 
the plans of corresixttniing points of tbo top and base, then 
the tapering body is an equal-tapering body, that is, has an 
equal inclination of slant all round. 

c. The nlan of a round oqual-tapering body having top and 
ba8(i()arailel, consists of two concentric circles. The plan of 
a portion of a round oqual-tapering body having top and base 
parallel, consists of two arcs having the same centre. 

The corners of the body Z (Fig. 29a) aro itoitiona (qwirtere) of a round 
equal-tapering body; their plans are arcs (quadrants) of circles having the 
same centre 

d. Conversely .—If the plan of a tapering l)ody having top 
and base parallel, consists of two concentric circles, then the 
body is a frustum of a right cone. Also if the plan of a 
tapering body hajing top and base parallel, consists of tw» 
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arcs having the same centre, then the body is a portion of a 
frustum of a right cone. 


Fig. 24. 



'I’lio plan of each end of tlie laperiitg liody 
represented in plan in Fig. 28 consists of two area 
(semieireU'K) liaviti;; th{! wimc renin*; the ends 
are jifirtionH (hnhes) of a frustnin of n right 
<*one. Tlio plan of each corner of Iho tapi ring 
body Z (l^ig. 2l’.a) consists of two arcs (qiiadiants, 
Fig. 2il) having the same centre; the corners arc 
jioitiona (t)iiarlcrs) of a fin.sUim of a right cone. 
The lig. aiiiK'Xed npreseiits a quadrant corner 
III plan Kepuratcly. 


We conclude the chaptpcr with Home proMems. 


PROBLEM XII. 

Given the height and slant of an cgnal-tapering body with top and 
hose partdlel; to find the distance between the plans of 
a)rresponding points of the top and base {number of inches ‘ out 
of flue’). 

Lot C A' (Fi;;- 25) be the given lieiglit. Draw A'B por- 
nendicular to A' C; with C as ceiitio and the given slant as 



nidiuB, describe an are cutting B A' in A. Then A A' is the 
.distance reqnirod. 
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PROBLiJM XIII 

Given tlie height of an egmil^fapcring Mg with tog and bnsS 
parallel, and the inclination of slant {immher of inches ‘ out of 
flue’); to find the distance between the plans of corresponding 
points of the top and base. 

Let C A' (Fig. 26) bo the given height. Throngh A' draw 
a lino A' B perpendicular to 0 A'; from any point, D,.in A' B 
draw a lino D E making with A' B an angle cijual to that of 
tho given inclination. From C draw OA parallel to ED 
and cutting A' B in A; then A A' is the distance required. 

. Fia. 2(i. 


c 



PROBLEM XIV. 

To araw the plan of a round egual-iapering Mg with top and base 
sarcdlel (frustum of right cone), the diameter of either end 
oeiug given and tlte height and slant. 

Case 1.—Given the height and slant and the diameter of tho 
smaller end. 

On any line O B (Fig. 17) set oil 0 C equal to half the 
given diameter, ^d from C draw C D perpendicular to 0 ^ 
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Mark off 0 E equal to the given height, and with E as centre 
and radius equal to the given slant, descrilie an arc inter- 
eecting OB in B; then CB will bo tho distance in plan 
between corsespoudiiig points anywhere in tho frustum; that 
is to say (by c, p. 55) 0 C will bo tho radius for tho plan of 
the smaller end of the frustum, and OB tho radius for tho 
plan of the larger end. 

Case JI. —Given the height and slant and tho dianiotor of 
the larger cud 

On any lino OB (Fig. 27), set off OB ei|nal to half tho 
given diameter, and now work from B towards 0 instead of 
from 0 towards li; thus. From B draw IIC perpendicular 
to 0 B. Mark off B D equal to the given height, and with 
D as centre and radius equal to tho given slant, describe an 
arc into w ting 0 1! in E; then B E will bo the distance in 
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plan of corresponding points anywhere in the frustum; that 
is to say (by e, p. 65) 0 B will be the radius for the plan of 
the larger end of the frustum, and O E tho radius for the 
t)lan of the smaller end. 
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PROBLEM XV. 

To draw th> plan of a round equal-tapering hodij with top awl Ixue' 
parallel (frmlum of right cone), the diameter of either end 
being given, and the number of inches ‘ out of flue ’ (distance 
between plans of corresponding points). 

Case I.—Given the number of inehos ‘out of flue,’ and the 
diameter of tho siiialler end. 

The radius fo]' the smaller oirclo of the plan will be half 
the given diameter; the radius for tho larger circle of the 
plan will be this half diameter Vith the addition of the 
number of inches ‘ out of flue.’ 

Case II.—Given tho number of inches ‘ out of flue,’ and tho 
diameter of the larger end. 

The radius for tho larger circle of the plan will be half 
the given diameter; the radius for tho smaller circle of the 
plan will be the half diameter less the number of inches ‘ out 
of flue.’ 

(27.) It should bo noted that with tho dimensions given 
in this problem, wo can drat* plan only, wo could not draw 
a pattern. To do that wo must also have height given, for 
a plan of small height and considerable inclination of slant 
ij also the plan of an infinite number of other frusta 
(plural of frustum) of all sorts of heights and inclinations of 
slant. 


PROBLEM XVI. 

To draw the plan of an oblong equal-tapering body with top and 
base parallel, and haviiuj fiat (plane) sides and senncireular 
ends. 

Case I.—Whore tho length and width of the top are given, 
and the length of the bottom. 

Commencing with the plan of tho top, wo know from § 25 
that it will be of ^e same shape as tho top; w“ have there- ' 
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fore to draw that shape. On any lino A B (Fig. 28) mark off 
A B equal to the given length of the to)). From A set off 
AO, and from I! set off BO'eaeh equal to half the given 
width of tlie top. Through 0 atid O' draw lines perpen¬ 
dicular to A B; and with 0 atid O' as centres and 0 A or 
O' B as radius doscrihe ares nnieting the perpendiculars in 
DF and EG. As DF and EG ]iass througli the centres 
0 and O’reB])Cctivcly theyaie diametera, and tiie arcs are 
seiuickclcs; these diaiuetois, nioreovcr, are each equal to 
the given width. Join D E, F G, and the plan of the top 
is complete. 



TIjo plan of the hase will bo of the same shape as the 
base, and we will suppose it smaller than the top.* "^J^atwe 
have then to do is to draw a figure of the same shajie as the 
base, and to so place it in position with the plan of the top 
that wo shall have a complete plan of the body we are 
dealing with. By ti, ji.we know that the distandes between 
the plans of corresjjonding points of the top and base all 
round the full plan will to equal. We have therefore first 
to ascertain the distance between the plans of any two 
corresponding jioints. This by § 26 will in the present 
instance be equal to half the difference between the given 
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lengtlis of the top and base. Set off this half-difference, as 
the base is smaller than tlie t,)p, from A to A'. Then with 
0 and O'as centres, andOA'ai, radius, describe the semi¬ 
circles D’A'K', in'B'G'. Join IJ'i'V, F'O', and wj! have the 
reijnirud jilan of the body. 

Case II, —Where tho hmsth and width of the top are given, 
and the height and slant, or tho lieight and the 
inclination of tlie slant (nnnilier of iiiolus ‘put of 
flue ’), 

First draw tho plan of the top as in Case I. Then if the 
height and slant are given, find by Problem XII. the distance 
between tlio plans of corresponding points. If the height" 
and inclination of slant ar(! given, find tho disJiince by 
Problem XIII, 1 f the in-lin.ation of the slant is given in the 
form of ‘out of fine,’ the number of inches‘out of flue’ is 
tho required distance. Bet off this distance from A to A' 
in the fig. of Case I., and complete the plan as in Case I. 

Case III.—Whore tho length and width of tho base 
(bottom) are given, and the height and slant, or the 
height and tho inclinuti(#i of tho slant. 

On any lino A B (Fig. 28) mark off A' B' equal to tho 
given length of tho bottom. From A’ sot off A' 0 and from 
B' sot off B' O' each equal to half tho given width of the 
bottom. Through 0 and 0' draw indefinite lines U F, E G 
perpemlpiilar to A B; and with 0 and O' as contirts, and 0 A' 
as ravins describe the semicircles F' A' D', G' B' E', join D' E', 
F' G', and wo h.avc tho jdanof tho bottom. Kow by Problem 
XII. or Problem Xlll., as maybe required, find tho distance 
between the pbms of corresponding jioiuts, or take the number 
of inches ‘out of flue,’ if this is what is given. Set off this 
distance from A' to A. With 0 and O' as centres and 0 A as 
radius describe semicircles meeting the jx'rpendiculars 
through 0 and O' in I) and F and in E and G. Join U £, 
F G, and the plan of the body is completed. 



jai!iXAii*rju&xjs< wvxwki 




PEOBLEM XVII 

. To draw the plan of an obhnj eqnal-tapering body with top and 
base parallel, and having flat tidee, flat ende, and round 
{quadrant) eornert. 

Case L—Where the length and width of top and bottom 
(base;' are given. 

Draw any two lines A B, C U (Fig. 29) perpendicular to 
each other and intersecting in 0. Make 0 A and 0 B each 
euual to half the length of the top, which wo will suppose 
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larger than the iiottom, and 0 A! and () B' each equal to half 
the length <if the bottom. Also make 0 C and 0 D each 
equal to half the widtli of the top, and 0 C’ and 0 D’ each 
equal to half the width of the bottom. Through C, D, C’, and D' 
draw lines parallel to A B, and through A, B. A', and6' draw 
lines parallel to C D and intei seoting the lines parallel to A B. 
We have now two rectangles or oblongs, and we require 
to draw th round corners, which are quarters of circles. 
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From the intergocting point Fi along tho eides of the rectangle 
mark equal distances E F and E G, according to the size of 
quadrant corners required. With F and G as centres and E P. 
or E G as radius, describe arcs intersecting in Q'; and with 
O' as centre and same radius, desci ibc tho arc P G, which 
will ho a quadrant because if the points F and G bo joined to 
O' the angle F O' G will be a right angle (]). 21). Draw 
F F' parallel to A 11 and GG' parallel to 0 D, and with O’ 
as Centro and radius O' F' describe the arc F’ G', which also 
will bo a quadrant. Wo liavc now tlio plan of one of the 
quadrant corners; tho other corners can be drawn in 
like nuinncr. 

(27o.) It is important to notice that the larger comer aetor-« 
mines the smaller one. In pi actico it is therefore oftfen host to 
draw tho smaller comer first, otherwise it may sometimes be 
found, after having drawn tho larger corner, that it is not 
possible to draw tho smaller curve sudiciontly large, if at all. 
To draw tho smaller comer first, mark off from tho intersect¬ 
ing point E' equal lengths E' F', E' G', according to tho size 
determined on for tho comer. With F' and G' as centres 
and E' F' or E' G' as radius ilosorilre arcs intersecting in O'. 
Then O’ will bo tho centre fongthe smaller comer. It will also 
ho the centre for the larger corner, which may be described 
in similar manner to the smaller corner in tho preceding 
paragraph. 

Case II.—Where the dimensions of the top aro given and 
fhj^P'ight and slant, or the height and tho inolination of 
the slant. 

Draw the plan of the top, A D B C. Find tho distance 
Between tho plans of conesponding points of tho top and base 
by Problem XII., or Pioblem XIII., according to what is 
given; and ()et off this distance, as the base is smaller than 
the top, from A and B inwards towards 0 on the lino A B, 
and from D and C inwards towards O on the lino D C. 
Complete the plan by tho aid of what has already been 
explained. 
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Case III.—Whore the dimensions of tho bottom aro given, 
and tho length and shmt, or the height and the incli¬ 
nation of the slant. 

Draw thd plan of the bottom, A' D' B' O’, find the distance 
between the plans of oorresjionding points of top and bottom, 
set this off outwards from A', D', B', and C' and complete the 
plan by aid of what has already boon stated. 


PEOBLEM XVIII. 

To draw the plan of an oval afiml-taperiny body with top and 
base parallel, the lemjth and width of the top and bottom 
beim^ given. 

Draw (Fig. 30) any two linos A B, C D intersecting each 
other at right angles in 0. Make 0 A and 0 B each equal 
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mark off A B equal to C D tlio widtli of the oval, and divide 
E B into three ciinal parts. With 0 as ocntre and radius 
equal to two of these parts, as from E to 2, deseribo arcs 
cutting A B in Q and Q'. With Q and Q' as Centres and 
Q Q' as radius desciribe arcs intersecting in P and P'; and from 
P and F draw lines of indefinite length through Q and Q'. 
With P and F as centres and rsdins P i) descrilie arcs (the 
side ares), their extremities tcruiinating in the lines drawn 
through Q and Q'; and witli 0 ."id Q' as c(‘ntres, and radius 
Q A, describe arcs (the cud arcs) to meet the extremities of 
the side arcs. This completes the jilan of the larger oval. 

To draw the plan of the smaller oval. Make 0 A' and 0 B' 
each equal to half the length of the smaller oval, and with 
Q and Q' as centres and QA' as radius describe the end 
curves, their extremities teminating, as do the outer end- 
curves, in tho lines drawn through (J and Q'; the point E is 
an extremity of one of tho smaller curves. With P and P' 
as centres and radius PE, describe the side curves. The 
plan of tho oval equal-tapering body is then complete; of 
which either tho larger or snialier ovals arc plan of top and 
bottom according to the purpose the article may he required 
for. * 

(28.) Tho plans of corresponding points in tho plan of an 
oval equal-tapering body will be tho extremities of any lino 
joining the inner and outer curves anywhere, and that, pro¬ 
duced, will pass through the centre from which tho curves 
where V"—jd by the line are described. 

To draw the plan of an oval equal-taporing body with top 
and base parallel, other dimensions than tho above may be 
given. For instanre the top or bottom may be given, and 
either the Ifeight and slant, or the height and the inclination 
of the slant (^mmber of inches out of flue). It will lie a 
useful practice for tho student to work out these cases for 
himself by tho aid of the instruction that has been given. 
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CHAPTER YI. 

Pattebns fob Abticlrs of Ecjfal Tapeb or Inolinatioh 
OF Slaki, and ha vino Flat (Plane) Subfaces. 

(Class I. SuMwmm ft.) 

Definition. 

(29.) Pyramid.—A pyramid i.s a solid having a base of 
three or more sides and triangnhir faces meeting in a point 
above that base, each side of tiie (igiiro foniiing the base 
being the base of one of the triangular faces, and the point 
in which they all meet being the apex. The shape of the 
base of a pyramid determines its name; thus a pyramid with 
a triangular base is called a iriatujnlar jiyramid; with a 
square base, a square pyramid; with a hexagon base, an 
hexagonal ])yramid (Pig. lil); and so on. The centre of the 
base of a pyramiil is the point in which perpendicular lines 
bisecting all its sides will intersect. If the apex of a pyramid 
is perpendicularly above the centre of its base, the pyiamid 
is a right pyramid (Fig. 31 represents a right pyramid), in 
which case the base is a regular polygon and the triangular 
faces are all equal and all equally inclined. In a ovramid, 
the line joining the apex to the centre of the base is”called 
the axis (the line V V', Pig. 31) of the pyramid. 

(89.) An important property that a right pyramid possesses 
is that it can lie inscrihed in a right (me. 

(31.) A pyramid is said to be inscribed ii^ a cone when 
both the pyramid and the cone have a common apex, and the 
base of tlie pyramid is inscrilied in the base of a cone; in 
other words, when the angular points of the base of the 
pyramid are on the circumference of the base of the cone and 
the apex of cone and pyramid coincide. * 
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(32.) Fig. 31 bIiiiws a righl jiyramid inscribed in a right, 
cone. The apex V is commou to lioth pyramid and cone, and < 
the A, B, 0, ito., of the base of tbo pyramid are on the 
circumference of the base of the cone Also the axis V V' is 
oommon to both cone and pyramid. Further, the edges 
V A, VB, V C, <tc., of the pyramid arc line.s on the surface 
of the cone, such linos or edges being each a slant of the 
cone, or in other words a r,adius of the pattern of the cone in 
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which the pyramid is inscribed. Ii hence follows, that if the 
pattern of the cone in which a right pyr.imid is insoiibed l>e 
set out wilSi the lines of contact of cone and pyramid, as 
V A, V B, (feo.^ on it, and the oxtremitic' of these linos be 
joined, we shall have tho pattern for the pyramid. Thus, 
the drawing a pattern for a right pyramid resolves itself into 
first determining tho cone which oireurascribes tho pyramid, 
and next drawing the pattern of that cone with tho linos of 
contact of pyramid and cone upon it. 


9 
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PROBLEM XTX. 

To draw the jiattmi for an hexagonal right gtyrawid, its height 
and base leinij given. 

Draw (Fig. 32n) the plan A B 0 D E F nf the haae of the 
pyramiil, which will he of the same shape as tlie huso {nee 
(Jhap. V.); the Iwse in faci will hi! its own plan. Next draw 
any two lines 0 A, BA (Fig. hdiii, perpendicular to each 
other and meeting in A ; make A B cMpiiil to tlio radius of the 
ch'Cnmscribod circle (Fig. .'iZn), and A 0 equal to the given 
height of the pyramid. Join BO; then B 0 is a slant of the 


Fig. 32«, Fig. 32!i. 



cone in whiidi the jiyramid can ho inscrihcd, that^^O say, is 
a radius of tho jiattcrn of that cone. The lino BO is also 
a lino of contact of tho oono, in which tlio pyramid can he 
inscrilied, that is, is one of the edges of tho pyramid. 

To draw the pattern (Fig. 32c). 'With any 'point O' as 
centre and B 0 (Fig. .S2i)) as radius, describe an are ADA, 
and in it take any point A. .Join AO', and from A mark off 
A B, B 0,0 J), 1 > E, E F, and F A. corresponding to A B, B C, 
C D, D E, E F, and F A of tho hexagon of Fig. 32a, and join 
the iToints B, (!, D, E, F and A to O'. Join A B, B C, C D, 
DE, EF, and F A,by straight lines; an^ theBgiirehounded 
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by O'A, the Htiaip;ht lines from A to A, and AO', will bo 
the pattern rcipurod. 'I’lio lines BO', (!()', &o., con-espond 
to the edges of the ])yrianid, and sliovv Iho lines on which to 
‘ bond U]) ’ t() got tho faces of the pyraniid, tlio lines O'A and 
O' A (hen butting together to form one (.■dgo. 

Similarly tho j)attorn for a right ])yra]nid of any nnmlier 
of faces can ho drawn, the first stop always being li) draw tho 
plan of Iho base of tho pyi'amid ; tho circle passing through 
the angular points of which wd 11 bo tho plan of tho base of 
the cone in whicli the pyramid can bo inscribod. 

Fig. Stic. 


A 



Sn]H)(ISO, instead of tho dimensions from which to draw the 
plan of tho base of tho [lyrainid, the actual jdan be given, 
rheoentro from which to strike the circnmscribiug circle can 
then be found by tho Definition § 29. 

Definition. 

(S3.) Tniifcati d pyramid. Frustum of pyramid.—If a 
pyramid bo cut by a plane parallel to its base, the part 
containing the apex will bo a complete pjTamid, and the 
other part will be a tapering body, the top and base of which 
are of the same sljapu but unequal. This tapering body is 
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called a truncated pyramid, or a frustum of a pyramid. The 
faces of a truncated jiyrainid wliich is a frostum of a right 
pyramid are all equally inclined. In Fig. 33 is shown such 
a frustum standing on a horizontal plane. 

(31.) Comparison sliould here he made between thisdefiui- 


ifKi. 33. 



tion and that of a frustum of a cone (sec § 12), which it closely 
follows; also between Fig. 21 and Fig. 33. 

(35.). Articles of equal ta|'.er or inclination of slant and 
having flat (plane) surfaces and top .and base parallel 
(hexagonal colieo-pots; hoods; <to.), are portions of right 
pyramids (truncated pyramids), or portions of truncated 
pyramids. 

(36.) Exactly as a pyramid can be inscribed in a ^^ ne. so a 
truncated pyramid can 1 k) inscrilxid in a frustum of a cone, and 
the edges of the truncated pyramid are limis on the surface 
of that fnistnm. Tho skeleton drawing. Pig. 336, shows a 
right truncated pyramid inscribed in a cone frustum. It also 
represents the plan of tho cone frustum, and that of the 
pyramid frustum, with the lines of projection (see Chapter 
V.), of tho smaller end of tho latter on to tho horizontal 
plane. This inscribing in a cone gives an easy construction 
for setting out the pattern of a truncated pyramid; which 
construction is, to first draw the pattern for the pyramid of 
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which the tniiicatod pyramid is a portion; and then mark 
off on this pattern the pattern for the pyramid that is cutoff. 
Here again comparison should be made with what has boon’ 
stated about the pattcni of a frustum of a cone (see § 16), and 
the resemblance ixotod. 


PROBLEI-I XX. 

To dram the pnllern for an C'lualhqicrmj hody made ufi of flat 
surfaces {truncated right pyramid), the luiight, and top and 
hottom heing given. 

Suppose the equal-tapering body to be hexagonal. 

To draw tho required plan of the frustum. Thu»plans of 
the top and bottom are respectively of the same shape as 
the top and bottom (§ 25). Draw (Fig. .34a) A B C D E F the 
larger hexagon (Problem X., Chap. II.) and its diagonals 
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A D, B E, C intersecting in (). On any one of tho sides of 
this hexagon mark off the length of a side of tho smaller 
hexagon, as A G1 on A F, and through G draw G F' parallel 
to the diagonal A D, and cutting tho diagonal F 0 in F'. 
With Q as centre ^nd Q F' as radius describe a circle. The* 
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points in wliioh this cuts the iliagoiuils of the larger hexagon 
will he the angular points of the smaller hexagon. Join each 
of these angular points, hegiuniug at F', 1o the one next 
following, as F'E', E’D', &e. Then F'K1)'(!'If A' is tho 
plan of tho smaller hexagon, ami, so far as needed for our 
pattern, tho plan of tho ‘equal-tapering body ni.ido up of 
flat surfaces ’ is complete, 'flie lines A A', B 11', t,' f!', will 1)0 
the plans (seo and eomjiaro lim s HE and 11 0 of Fig. 336) of 
tho slaiiting edges of the fnrstiim. 

Next draw (Fig. 346) two lines 0 A, 15 A, iierpondioular to 
each other, and meeting in A ; make 15 eipial to tho radius 
of tho circle circumscrihing the larger he.vagon of plan, and 

Fifl. 34c. 



A C equal to the given height of the body. Thiough t! draw 
0 D peipondioular to A 0, and make 011 equal toutho radius 
of the cii’cle which passes through tho angidar points of the 
smaller hexagon (Fig. 34a). Join BD, and produce it to 
meet A 0 in 0. 

To draw the required pattern (Fig. S4c). Draw any line 
O'A, and with O' as centre and 0 B, 01) (Pig. 345) as radii, 
• describe arcs ADG, A'D'G' (Pig. 34c), Then take the 
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straight lino length AH (Fig. fi4a), and set it off as ii ehord 
from A (Fig. die) on tne are Al)(l. i)o tlio same 
successively, from jioint It, with the straight line lengths* 
(Fig. itlrt) it 0, F I), 1) K, ii 1’, 1' (1, the terniinat'ng jxiiiit of 
each chord as set off, heing tho starting point fijr the next, 
the chord F’(i (Fig. Itlc) corresponding (o the straight line 
length FA (Fig. ’Ma). .Join (Fig. It-lr) tla^ jioints It, (J, D,E, 
F and (i to O' hy lines eiilting tho are A' in It', C, 1)', 
10', F', and G'. .loin A It, It (!, Cl), Ac., and A' It', It't;',O'lV, 
&c., liy straight lines; then ADGG'D'A' is tho pattern 
reqnivcd. 

The Irnstum of pyiamid is hero hexagonal, hut hy this 
method the ])attern for any regular pyramid tmt trirtdhd to* 
its liase can ho drawn. The next prohlem will show methods 
for larger work. 

(37.) If O'A l)(i (Fig. ll.o pattern for the cone iti which the 
fmettim of pyminid is iiiHeiilsMt, tws cut nut of zinc or ntlier nie.iil, and 
snndl lioles he, panelled at the points A It. (t, &e., and A', B', O', &e ; nud 
if the eono bn tlion iinnle np with tlie linoH O' A, (t' B', Ae., marked on it 
iiiBule, and wires he soldered from liole to hole ancceasively to form the top 
and bottom of tho truneated iiyriimid, tlion (I) tlie whole pyramid of 
which the truneated pyramid is n uortion, (2) the jiyramid tliat is e.nt off, 
as well as (3) tho trunciitod jiyramid, will he clearly seen inscrilied in the 
cone. The nudiing sucli a model will amply repay any one who desires to 
he thoroughly eoaversnnt with the construction of arlielcsof tho kind now 
under cousidoratiou. 


PKOBLEM XXI. 

JV draw, without using long radii, the ^mtlern fm- an /•qual- 
taperiiiij body made up o f flat surfaren, the heUjld and top 
and hgitom heiny yineu. 

Again siiiriioRo the hcHly to he. hexagonal. 

Case I. For ordinarily large work. 

Draw (Fig 36a) tho plan as hy Iasi jirohlem. Next join 
AB', and draw B'G perpendicular to All' and wpial to tho 
given height of the body. Also draw B' H perpendicular to. 
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(Fig. 3.5a), and with B' as c<iiitrc' and radius equal to G A 
(Fig. 35a) descriho arcs intorscotiug in C, right and loft of 
B B'. \\ ith B as centre .ind the simie G A as radins, and 

with B' as oentro and radius B' A', doscribo arcs intcrsouting 
in C', right and loft of B' B. Join B (!, C', O' B' (Fig. 355); 
then BB'C'C is the p.attorn of the face BB'C'O in plan 
(Fig. 35a). The otlier faces C1) 0' 1)', B C B' C, &c. (Fig. 355) 
of tile frustum are described in exactly similar inannor, G A 
being the distance between diagonally ojtposito points of any 
face as well as of the face B B' C C. The triangles A B' (j, 
B B' 11, can bo drawn apart from the plan, as shown at 
E and L. 

(38.) It should bo obsci-ved that if the patter^ is trul/ 
drawn, the top and Ijottom lines of each face will be parallel, 
as B C, B' C, of face B f B' C (Fig, 35 5); and that this gives 
an easy method of testing whether the pattern has been 
accurately drawn. 

Case II.—For very large work; where it is inconvenient to 
draw the whole of the plan. 

Draw AB (Fig. 36o) equal in length to the end-line of 
one of the faces of the fnistHm at its larg(T end, and produce 
it both ways. With B as centre and radius B A describe a 
semicirclo, which divide into as many equal parts as the 
frustum has faces (Problem IX.). Here it is hexagonal, and 
the jjoints of division working from point 1, are 2, C, 4, &o. 
Thre^gh the second division point, here C, draw a line to B, 
then A B C is the angle made in plan by two faces of the 
frustum one with another, and A B, B C are two adjacent 
end-lines of the plan of its larger ends. Bisect the angle 
ABO (Psoblem VIII.) by B E ; and draw a lino C O' from 0 
making the angle C 0 B equal to the angle C B E 
(Problem f.). On B C scst off B D equal to the end-line of 
one of the faces of tbc frustum at its smaller end ; and draw 
D C parallel to B E, cutting 0 O' in O'. Through C draw 
C'B' parallel to C B and meeting B E in B'; and draw B'A' 
parallel to B A a^jd equal to B D or C B'. Join A’ A, and we 
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have it! A'ABCO' the plan of two adjacent faces of the 
tapering body or truncated pyrainid. Next from li' let fall 
' B' G ]ierpendienlar to A B, and make G P ecjnnl to the given 
height of the finstam. Join F B', then FB' is the true 
lengih of B'(i. Throngli B' draw B'H -iicriiendicnlar to 
B' B and eipial to the given height. Join ITB, then IIB is 
the true length of B B' one gf the edges of tho frustum. 

To draw tho pattern. Draw (Fig. SGi)) B B' eijual to IIB 
(Fig. Slid). With B and B' as centres and ladii respectively 
BG and B’B' (Fig. !!(>«) desc.rihc ansi intersecting in G 
(Fig. 3G!/). Join B(! and produce it making BA e(jual to 
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B A (Fig. 3fia). Through B' draw B' A' parallel to B A and 
equal to B' A' (Pig. 36a), and join A A'; then I! A A’ B' will 
he tho pattern of one face of the frustum. Tho adjaec^it face 
BCC'B' is drawn in similar manner. The fig. shows the 
pattern for two faces only of the oqnal-tapering body, 
liecause in cases where this nnsthod would have to be 
employed, two faces are probably the utmost thi»t could be 
cut out in one piece. Sometimes ejuh face woi^ld have to be 
cut out separately, or perhaps even ono face would have .to 
bo in portions. Any paint in B' A' (Fig. 36n) instead of B' can 
be chosen from which to let fall a pcrpoudionlar to B A, and 
tho true length of B' G found as exjdained. The choice of 
position depends upon the means at hani^ for drawing large 
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arcs, the l adius of the a vc B' G (Fig. Hfi!)) increasing in length 
as the ])oiut G approaclies nearer to A. If the pattern be 
truly drawn, B A will be ])crpcudicnlar to B' G. 

It must not lie forgotten that those methods lye, both of 
them, (juito indejiuudent of the mimlter of tlio sides of the 
pyiaiuid. Also it should bo noted that BE does not of 
necessity pass throngli a division point, nor of nocessit}' is 
C C parallel to A B. These are coincidences arising from the 
frnslum being here hexagonal. 


I’ltOBLEM XXIl. 

To dram the jiafinm far an ohlnnij or nquare equal-laqiergig lady 
with top and base qtaralld, and having flat sides and ends. 
(The bottom is here, taken as part oj the body, and the whole 
pattern is in one pdeee.) 

Note.—T his luohlctn will be solved in the problem iieil Ibllowing. 
We adopt this i-oaise because the article there treatca of is so iinportaut 
an example of tlie oblong eipud-tapeiing bodies in (piostion, that it is 
desirable to make that, the ataciul problem, the primary one. .old this, the 
genoKil problem, secondary to it. Its solution will bo found at the end of 
Case 1. 


PROBLEM XXIII. 

To draw the pattern far a balcing-pan. 

A bSking-pan has not only to be water-tight, but also to 
stand heat; henco when made in one piece the coniors are 
seamless. 

Case I.—^horo the length and width of tho bottom, the 
width of the top, and tho slant are given. 

Draw two lines X X, Y Y, intersecting at right angles in 
0 (Fig. 87); make 0 A’ and 0 B'. each equal to half tho 
length of tho hottom, and 0 C' and 0 1)’ each equal to half 
its width. Through C' and D' draw linos parallel to Y Y; 
also through A' an^ B' draw lines parallel to XX and inter- 
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socting the lines drawn through O' and ly; we get by this 
a reetangular figure, which is the shape of’ tlie bottom. Make 
A'A, B'B, O'O, and D'D each equal to the given slant; 
through B and A draw E P and 0 II parallel to X X; through 
C and D draw S T and ii P parallel to Y Y; and make B E, 
B P, A H, and A G each (ajnal to half ihe given width of the 
top. Join (j P and with Q, which is one of the angular 
points of the bottom, as oentro and radius QPdoserihe an 
arc cutting Pit in P. Join QP (the working can hero be 
Isjst followed in Pig. 38), bi6e<!t the angles PQP by QM 
(Problem VIII., Ohap. II.); and draw a line QL making 
with F Q an angle ecpial to I he single PQM. The residiest 
way of doing tiiis is by continuing the sircPFtoL, then 
Sfstting off P E equal to P M, anil joining L Q. Now on B B' 
set olf B N equal to the thickness of the wire to lie used for 
wiring, and thro igh N draw N P' piirallel to E P (Fig. 37) 
and cutting () L and (j P in V suid P”; make Q1” eqvial to 
(,11", and Q M' equal to Q V; and join P' M' and M' F’. 
Hepeat this constrnetion for the other three eornors and the 
pattem will be completed. This is not done in Fig. 37, for a 
leason that will ajipear presently. Wo shall quite under¬ 
stand the comers if we folloif the letters of the Q corner in 
Fig. 38. These are B P P' M' P' P. The dotted lines drawn 
outside the pattem (I’ig. 37) jiarallel to E F, P H, G H, and 
y T show the allowance for fold for wiring. It is important 
that the ends of this allowance for fold shall Ixi drawn, as, 
for inutaneo, P K (both figs.), perjiendicular to their respec¬ 
tive edges. 

Now as to bending up to form the pan. When the end 
adjaceni mid the side adjacent to the corner Q come to be lient 
up on B' (^and D' Q so as to bring P Q and P Q into junction, 
it is evident |hat as P Q and P Q are equal we shall obtain 
a true comer. To bring P Q and P Q into junction it is 
likewise manifest tliat tho pattern will have also to be bent 
on tho lines P' (J, P^Q. and M' Q. This fold on each other 
of P'yM' and P'QM' is generally still further bent round 
against y V. 
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(3f>.) Tlic truth <if the pun when completed, and tho ease 
with which itn wiring cim he earried out, de])end entirely on 
tho accuracy of tho pattern at the corners. This must nerer 
he forgotten. In mariring out .a ]iat1crn, only one eomor 
need he drawn, as the liho to it can be ent out separately 
and used to uiaj lt tho remaining corners hy. Tho points 
K, S, anil T, the fixing of which will aid in thisinarlringout, 
can he readily found, thus:—For the It corner to enmo up 
true ifis clear that D K will harm to lie e/pial to T) P, from 
which wo learn that DP is half the length of tho top. 
Having then doterminod the point P wo have simply to set 
off 1) It, C S, amt t! T each eqiiul to D P. 

If th^ .pattern Fig. .‘17 were com])lotcd with fho comers as 
at E. S, and T, that would ho the solution of Prohloni XXIL, 
and tho ends and sides iHiing bent up, wo should get an 
oblong oqual-ta])cring Imily with top and bottom ]iarallel and 
having Hat sides and ends. 

Case II.—Where tho length and width of the liottom, the 
length of the top, and the slant are given. 

Tho only difforcuco between this case and the precoding 
is that D P (Fig. 07), half th» length of tho top, is known 
instead of 11F the half-width of top. To find the half-width 
of top; with Q as centre and Q P as radius describe an arc 
cutting 1? F in F. Then B F will he half tho width of tho 
top, just as (§ OSh previous case) wo saw that D P was half tho 
length of the toji. The remainder of the constractioi^isnow 
as in Case I. 

(40.) It will ho evident that, in this problem, choice of 
dimensions is not altogether arbitrary. Tho lines Q F and 
Q P the meeting of which forms the corner, must i^ways be of 
the same length. This limits tho choice; for with the 
dimensions of bottom given, and the slant, anefthe width of 
the top, the length of tho top cannot ho fixed at pleasure, 
but must be such as will bring Q F .and Q P into junction; 
and vice vend if the length of tho top is given. It is un¬ 
necessary to follow tho limit with other data. 
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Case III. —Where the length and width of the top, and the 
slant and the height arc given. 

The data in thi.s case and the next are the nan.il data when 
a pan has to ho ni.ado to order. The difference. hcl.we(ni this 
case and the preceding is that the size of the hottoni is not 
given, hnt has to he determined from tins data. Excojding 
as to finding tin! diiiiension.s of this, the caso is the sauu! as 
Cases I. and 11. All that we have now to do is thero^foro to 
find the dimensions of tin' hottom, thus:— 

Fia. St». Fia. 40. 


» f) 



Draw 0 C (Fig. .dO) equal to h.alf the given length of the 
top, and tlirougli C draw C B perpendicular to 0 C and equal 
to the given height. With B as eontro and radius equal to 
the given slant descrihean arc cutting 0 C in B'. Then Q B' 
is the required half-length of ^ho bettoin. 

Next draw 0 E (Tig. dO) equal to half the given width of 
the top, ami through E draw E D perpendicular to 0 E and 
equal to the given height. With ]J as centre and radius 
equal to the given slant descrilio .an arc cutting 0 E in I)’, 
Then 0 D' is the required half-width of the hottoni. 

Case IV.—Whoro the length and width of the top and the 
length and inclination of the slant are given. 

This is a modification of Caso III. 

Lot B B'»(Fig. 311) ho the length of the given slant, and 
the angle that^BIV make with B' C lie the inclination of the 
slant. Through B draw B C perpendicular to B' C. Then 
half the given length of the top less B' C will he the required 
half-length of the bottom; and similarly half the given 
width of the top loss B' C will ho the required half-width of 
the bottom. 
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PBOBLEM XXIV. 

To draw the pattern for an eqiud-tapering hoily with top and base 
parallel, and havimj fiat sides and ends {same as Problem 
XKIL), bat with bottom, sideji, and ends in separate pieces; 
the length and width of the bottom, the width of the lor, and 
the slant being given. 

To draw the pattern for tlio end. 

Draw BB' (Fig. 41) eqnal to the given slant, and through 
B and B' draw lines 0 D and C D' jierpondienlar to B B'. 
Mate BC and B D each equal to half the given width of the 
top; also make B'C and B'D' each equal to half the given 
width of the bottom. Join C! C and D D'; then C C D D' 
will bo the end pattern required. 

Fio. 41. Fra. 42. 



To draw the pattern for the side. 

Draw E K (Fig. 42) equal to the given slant, and through 
E and E' draw F G and F' 6’ perpendicular to E E'. Make 
E' F' and E' (" each equal to half the given length of the 
bottom, and with F' and G’ as centres and radius D'D 
(Fig. 41) describe arcs cutting F G in points F and G. Join 
F' F and G' 6; then F' F G G' will be the side pattern 
required. 

It should be noted that, as in the preceding problem, the 
width of the top determines the length of the top endwee 
vend, also that lines such as D U', G G' must be equal 
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(41.) If the ends of the hody are seamed (‘ knocked up ’) 
on to the aides, as is usual, twicn the allowance for lap shown 
in Fig. 41, must be added to the figure C C D' D. Similarly 
if the sides are seamed on to the einls, a like double allowance 
for lap must Im added to FF'tr'U, instead fif to the end 
pattern. 
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CHAPTER VIT. 

Patterns for I'jQUAi^TAPEuiNa Artioees oe Plat and 
Curved Surfaces combined. 

(ClyASS I. fUdivmm c.) 

From wliat lias boon stated about the plans of oqual- 
taperiuj, iKidies, and fromd, p. 55, it will bo uvidont that the 
curved surfaces of tbo articles now to be dealt with, are 
portions of frusta of cones. 


PROBLEM XXV. 

To draw the ptiUem for «n equitJ-tupmuij hothj with top and 
hotlom parallel^ and hairing Jial itidrfi ami eijiial semicircular 
ends [an ^cqiial~Gnd’ pan^ for instance^ the dimensions of 
the top and hotiim of the hoag and its height hiring given. 

Four ciises will be treated of; throe in this problem and 
one in the problem following. 

Case I.— Patterns when the Ixidy is to be made up jf four 
jiiooes. 

We may suppose the aitiolo to be a pan. Having drawn 
(Fig. 43) the plan ARCSA'D'C'B' by the method of 
Problem XVI. (as well as tbo plan, the lines of its cuistruction 
are shown in the fig.), let us suppose the seqms are to be 
at A, B, C, and D, where indeed they are usually placed. 
Then we shall reipiire one pattern for the flat sides and 
another for the curved ends. 

To draw the pattern for the sides. 

/anywnere in A H (Fig. 43) and perpi*udioular to it draw 
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FF', and make FTI equal to the given height; join F'H; 
then F'H is the length of the slant of the article, and 
therefore the width of the pattern for the sides. 

Fia. 4S. 



Draw AA'fFig. 44) equal to F'll (Fig. 43). Through 
A and A' draw lines jierpendienlar to A A'. Make AD 
(Fig. 44) equal to A D (Fig. 43), and draw D D' parallel to 

Fi«. 44. 
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A A'. The rectangle ADD,'A' will be the side pattern 
required. The fig. also shows extras for lap. 

To draw the jatteni for the ends. 

Draw (Big. 45a) two lines D A, 0 A, per]iondioular to one 
another and ijioeting in A; make D A equal to 0 D (Fig. 48), 
the larger of the radii of the semicircular ends; and on A 0 
set off A G equal to the given height. Draw G D' perpen¬ 
dicular to A G and equal to G D' (Fig. 48), the smiiller of the 
radii of the semicircular ends; join D D' and produce it, 
meeting A 0 in 0., Then with any point O' (Fig. 455), as 
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centre, and 0 D (T'ig. 15n' an radiuB, doscribo an arc D C, and 
.with the same centre and radius 01)' {Fig. 45a) describe an 
arc D'C. Draw any lino DO', cutting the atos in points 
D and D'. .Divide D U (Fig. 43) into any number of equal 
parts, say three. From D (Fig. 456) mark oif these three 


Fis. tSa. 


Fib. 456. 




dimensions to E, make E.C eqilal to DE, and join CO'; then 
D C C D' will be the end pattern required. 

If E be joined to O', then D D' R' K will be half the pattern. 
The centre line E E' is very useful, because, in making up 
the article, the point E' must meet the line S E (axis) of 
Fig. 43, otherwise the body will be twisted in consequence 
of the bottom not being true with the ends. 

Case 1L—Pattern when the body is to be made up of two 
pieces. 

Secondly, suppose the article can lie made in two pieces 
(halves), with the seams at E and 0 (Fig. 48); the line E G 
(part only of it showu).being the bisecting line of the plan, 
it will be seen by inspection of the fig. that we require one 
pattern onl.i, namely, a patteni that takes in one entire end 
of the article with two half-sides attached^ 
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Draw the end jiattem DD'C'C (Fig. 40) in precisely the 
same uiannor that it is drawn in Fig. 4.56. Through () and C'^ 
draw indefinite lines C G t' G', perpendicular to C C, and 
through D and D' draw indefinite lines DE, D'E' perpen¬ 
dicular to D D'. Make D E, D' E' each equal to D E (Fig. 48) 

Fio. IC. 



and join E E'. also make <i G, O' G', each equal to 0 G 
(Fig. 43), and join G G'. Then E E' G' G will be the pattern 
required. 

Case III.—Pattern when the liody can be made of one 
piece. 

Thirdly, suppose the article can be made in one piece, with 
the seam at S (Fig. 4il). Then evidently the pattern will be 
made up of the pattern of one entire end, side patterns 
attached tt> this, and half an end pattern attached to each 
side pattern.* 

Draw DD'O'O (Fig. 47) the end pattern. Through 
C and C draw lines perpendicular to CC, and each equal to 
C B (Fig. 48); and join B B'. Produce B B', and with B as 
centre and 0 D (Pig. 45a), the larger of the radii for the end 
pattern, as radius, describe an arc cutting the produced line 
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in 0. Witli 0 us centre and OB and OB' us radii respec¬ 
tively, draw ares B 8, B’ S'. Make B S equal to D11 (Kg. 47) 


. -n 



and join S 0. Kepeating this construction for D D' A' A the 
other side pattern, and AA'S'S the remaining half-end 
pattern, will complete the pattern required. 
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PROBLEM XXVI. 

To rfratti, without long radii, Ihr pniteru for ati rqual-laiiering 
hndy mill top and lollow pantlld. and Inning fiat aides and 
equal scniicirndar ends; the dhnaufkms of the top and 
hottoni of the btnJg and its height being ghen. 

Tliin iirolileiu is a fourth cast; of the preceding, and 
exceedingly nsefnl where the woik is so large that it is 
inconvenient to draw the whole of the plan, and to use long 
radii. 

Draw half the plan (Eig. 48a). Divide D 0 into si.v or 
more equal parts, and jom 1, % &c., to O, hy lines ' Jtting 
D' C in 1', 2', &c., and join D 1'. Draw D E perj)endicular to 


Fiu. 18«. Fia. 4S6. 



D1' and equal to the given height, and join B1'. (The line 
1 to 1' a()j«;nrs to, hut docs not, coincide with E 1'.) Then 
E 1' may he t^ken as the true length of I) T. Next, producing 
as necessary, make D A ecpial to the given heifht. Joining 
D' to A gives the true length of D D'. 

To draw the 'end pattern. Draw Eig. (48li) D D' equal to 
D'A (Eig. 48a). With D and D' U8 cdiitivs, and radii 
respectively 1) 1 and li] 1' (I'ig. d8a) desuribe arcs iuteisecting 
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in point 1 (Pif;. 485). With D' ami D as centres and radii 
respectively D’ 1' and E 1' (Fig. 48o) describe arcs iuter- 
'sectiiig in point' 1' (Fig. 486). By using points 1 and 1' 
(Pig. 48!)) as centres, instead of 1) and D', and repeating the 
construction, the points 2 and 2' can be found. Ne.xt, using 
points 2 and 2' as centres and repeating the constniction, 
find points 3 and 3', and sp on f r the roinainiug points 
necessary to complete the end pattern, which is completed 
by joining the various points, as 3 to 3' by a straight line; 
D, 1, 2, and 3, by a line of regular curve : and D', 1', 2' and 
3', also by a line of regular mn ve. Only half the end 
pattern is shown in Fig. 486. Tuc side pattern can be 
draw^^ps shown in Fig. 44. 


PROBLEM XXVII. 

To draw the pattern for an equal-tapering hndij with top and 
bottom paraUii, ami having fiat sides and ends, and round 
corners {an oblong pan with round corners, for instance ); 
.the height and the dimensions of the Up and botUnn being 
given. 

Again four oases will be treated of; three in this problem, 
and one in the problem following. 

Case I.—Pattern when the body is to bo made up of four 
pieces. * 

The plan of the article, with lines of construction, drawn 
by the method of Problem XVII., is shown in Fig. 49. We 
will suppose the seams are to be at P, S, Q, and E,that is, at 
the middle of the sides and ends. The pattern reqniied is 
therefore one containing a round comer, with a half-end and 
a half-side pattern attached to it. The best course to take 
is to draw the pattern for the round comer first, whioli, as 
will be seen from the plan, is a quarter of a frustum of a 
cone. 
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Draw two lines (Fig. 50«) OA, CA, mooting porpendi- 
<sularly to one another in A; niaho A C wpial to 0 A (Fig. 4'J), 
the radius of tho larger are of the plan of one of the comers. 


Pig. 19. 



and make A D equal to tho given height of the body. Draw 
DE perpendicular to AD and equal to the radius of the 
smaller arc of tho plan of a (xipier, and join 0 E and produce 


Pio. .Wo, Fra. 506. 



it to meet A 0 in 0. With any point 0' (Fig. 501) as centre 
and radius equal to 0 C (Fig. 50«), describe an arc A®. 
with the same centre and radius equal to OE (Fig. oOffl) 
describe an are A'B'. Draw any line AO' cutting the arcs 
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in the points A and A', and inaho A1! I'fjiial to A B (Pig. 49) 
hy marking off the same immher of equal parts along A B 
(Pig. 506) that wo divide (arliitrarily) AB (Pig. 49) into. 
Join Bt)', cutting in B' the arc A'B'. Through B and B' 
draw BJ’, B'P' p<Tjiendioular to B B'.mako BB equal to BP 
(Pig. 49) and draw I’B' peiq)Oiidicular to B ]’. Through 
A and A' draw A B and A'B' perpemlioular to A A', make 
All equal to AE (Pig. 49) and draw EE' perpendicular to 
A E. ■Then E E' E' P will ho the pattern of ono round comer, 
with a half-end and a half-side pattern attached left and 
right. 

II.—Pattern when tho body is to be made up of two 
pieces. 

Kow suppose tho scams arc to be at tho middle of each 
end, at E and S (P’ig. 49). The imttern re((uircd will then 
be of twice tbe amount sbown in Pig. 506. It will bo found 
best to commence with the side pattern. 

Draw in the plan (Pig. 49), any line X X pcrpendionlar to 
the Q side-line; then X atid X' will lie plans of corre¬ 
sponding points (§ 26). Make XP equal to the given 
a 

Fia. 51. 



height of tho body and join X' P. Then X' P is the length 
of a slant of the Itody. Draw 1! B' (Pig. 61) equal to X’ P 
(Fig. 49), and through B and B' draw B 0 and B'C perpen¬ 
dicular to B B'. Make B C equal to B 0 (Pig. 49) and draw 
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C C perpendicular to BC ; tlion B 0 C B' will be the pattern 
for the eiilo. 

Wo hav(! now to join 031 to thie, at B B' isnil 0 C, tho 
patterns for the round corners, whieli can he done thus. 
I’rodnco 1! B' and CO', and nialco B O' and (!0" each cciual to 
OC (Fig- hda) the radius of the lui'gor arc of tlie corner 
pattciu. With O' aisd 0" as eeiities and O’B as radius, 
do8cril)o ai'cs BA and 01), and with the s-anio centres and 
O'B' as radius, describe ares IVA' .and CD'. Make DA and 
0 D C(jual each to B A in the phui (Fig 4!)), and join A 0, 
cutti33g the are B'A' in A', and DO" cutting the arc 0' D' in 
D'. Through A and A'draw A It and A' 1!’ jwrpcndicular to 
A A'; make AR otjual to AR (Fig. 40), ,aud draw It-^4!«fer- 
pendicnlar to A R. Next through D and D' draw D S and 
D' S' porpei3dic3ilar to I) D'; niaka- D S equal to D S (Fig. 49), 
and draw S S' perpendicular to D S. Then R R' S' S will he 
the patteni reijuired. 

It should be noted that O'B' and 0"C' should lie each 
equal to 0 E (Fig. hOa), or tho pattern will not he true. 
This gives a meaijs of testing its accuracy. 

Case ITI.— Pattern when th* body is to be made up of one 
piece. 

When the body is made in one pi('ce it is u.su,al to have the 
seam at S (Fig. 49). It is now Iwst to cosumence with tho 
end pattern. 

Draw A A' (Fig. 52) equal to X' F (Fig. 49), which, the 
body bcii3g cqisal-tapering, is tho length of its slant any¬ 
where, .and draw A H .and A' IF pori3endicular to A A'. 
Make A H equal to A H (Fig. 49) and draw II IF perpendi¬ 
cular to A fl; then A A’ H' 11 will bo the end pattern. Next 
produce A A',»aud nsako A O' equal to 0 0 (Fig. 5()a). Then 
O' will bo the centre for the arcs of the corner pattern, which, 
drawn by Case II. of this pi oblesu, can now bo attached at A A'. 
Through B and B' draw B 0 and B' O' perpendicular to B B'; 
make B C equal to B 0 (Fig. 49), and draw 0 0' perpendicular 
to BC. That completes the addition of the side pattern 
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B B' O' C to the corner pattern. Next produce C C', mark the 
necessary centre, and attach to CC the comer pattern 
ODD'O', just as ABB'.'J was attached to A A'. Then 
through 1) and D' draw I) S and D' S' perpendicular tu D D'; 
make DS equal to D S (Fig. 40) and draw S8' perpendicular 


Fi«. 5a. 



to D S; this adds half an end-pattern to D D'. By a repeti¬ 
tion of the foregoing working on the H H' side of the end- 
pattem H H'A' A, the portion H H' S' S on the H H' side may 
be drawn, and the one-piece pattern S H A S S' A' H' S' of the 
body we aro treating of comjdoted. 

PEOBLEM XXVIII. 

To draw, without long radii, the ixxttem far an etjualr 
tapering body with top and bottom pnrallel, end having fat 
■mdes awl ends, and round comers; the height and the dimen¬ 
sions of the tup and bottom being given. 

This is a fourth case of the preceding problem, and we., 
will apply it to the first case of that problem, that is, when 
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the body is to he made «p of four pieces; now, howerer, 
assuming that the pieces are so large that tlioir patterns 
cannot he conveniently drawn hy the method there given. 

Draw (Fig. 53(/) 1’ S S' 1”, ono-<inart.er of the plan of the 
body. Divide C D tlie larger arc of the plan of the round 
comer, into throe or more equal parts, ami join each division- 
point to 0 the centre of the arcs of the plan. Draw D F 
perpendicular to D D' and equal to Ihe given height of the 
h(Kly,and j in D'F; then D'F will he the true Icifgth of 
DD'. Next join D2'; draw DE perpendicular to it and 

FlS. 53n. Fia. .’>36. 




equal to the given height, and join 2'E; then 2'E may he 
taken as the true length of D2'. (In I he fig. a portion of 
the line 2' E coincides with the lino from 2 to 2'. This is, 
however, merely a coincidence of the particular case.) 

Now draw (Fig. 53t) D D' equal to D' F (Fig. 53a), and 
with D and D' as centres and radii respectively D 2 and 2' E 
(Fig. 53a) dcscrilie arcs intersecting in point 2. Also with 
D' and D us centres and radii respectively D'2' and 2’E 
des rihe arcs intersecting in point 2'. Bopcating this con¬ 
struction, hut using points 2 and 2' just found as centres 
instead of D ajid D', the points 1 and 1’ can he found. Siiui- 
loily using points 1 and 1' as centres and repeating the 
construction wo can find the points C and C. Join C C; 
draw a regular curve from 0 through 2 and 1 to D, and 
anotlior regular curve from D' through 2' and 1' to C; then 
ip DC CD' we hove the pattern of the corner. To this 
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comer pattern, to get at the jiattern wo require, wo have to 
attach a lialf-oud anil a hair-siile pattern. 

Draw 1) S yierpondiciilar to D D' and equal to 11 H (Fig. .53a). 
Aino draw SS'porpondicnhir to 1),S, and through !)'draw 
D'S' parallel to D S. The liall'-ond pattern is now attaclied. 

Through C and C draw (! P and (T I" porpendieular to 
CC. Make OP eqn.al to OP (Fig. 53n). and draw PP' 
perjjeudicular to 0 P. Thi.s attaclu'.s tho liair-.side pattern, 
and cofupletes tho pattern required. 

If tho bmly is to ho made in more than four ])ieee.s it will 
still ho generally possihle to have a comydete corner in one 
of the jiiecos. Tho corner should always ho marked out 
fihilr-and whatever has to ho attached should he added as 
described. 


PllOBLEM XXTX. 

To draw the patient for an oval' etinnl-lnperhtg hidji with top arid 
bottom parallel^ the height and the dimensions of the top and 
bottom being given. 

Again we deal with four cases; three in this iirohleni and 
one in the follorving. ' 

Case T.—Patterns when tho hiKly is to ho made up of four 
pieces. 

Tho plan of the body with lines of consti'uction, drawn by 
Problem X VIII., is shown in Fig. .54. It will be evident from 
the plan and from d, p. 55, that the body is made up of 
two round equal-tapering bodies (fmsta of cones); the ends 
ODD' C, F E E' F', being equal portions of a frustum of one 
cone, and the sides, ECO'E', DFF'])', equal portions of a 
frustum of another cone. Such being tho cimo, it is clear 
that we require two patterns, one for tho two ends, and the 
other for the two sides; also that tho scams should be at 
E, C, D, and F, where the portions meet. 

To draw (Fig. 55ii) the ends’ pattern. 

Prom any point A draw two lines OA, BA (Fig. 55a) 
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Fin. 54. 
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perpeBdioular to eaoli other; make A B equal to Q B (Pig. 54) 
the ratlins of the larger end-curvc in the plan, and A D equal* 
to the height of the hody. From 1) draw J) E porjxtndicular to 
A 0 and equal to Q B' (Fig. 54) the radius of the smaller end- 
curve of the plan; join B E and produce it, mooting A 0 in 0. 
Then with any point O' (Fig. 555) as centre, and 0 B (Fig. 65a) 
as radius, desoriho an arc C1); and with same contro and 0 E 
(Fig. 55a) as radius doscriho an arc CD'. Join any point 
C in the arc C D to O' hy a line cutting the arc O' D' in O'; 
divide the are 0 D (Fig. 54) into any numlier of equal parts, 
and set off from C (Fig. 555) along 0 D parts equal to and as 
many as C D (Fig. 54) is divided into. Join D O' cutting the 
arc C D' in D'; then D D' C 0 will he the pattern required. 

To draw the pattern for the sides. 

From any point A draw two lines A C, A 0 perpendicular 
to each other, and make AC equal to PO (Fig. 54), the 
radius of the larger side-eurvo and AB equal to the given 
height of the body. From B draw B E perpendicular to 
A B and equal to P O', (Fig. 54) the radius of the smaller 
side-curve. Join CE and produce it, meeting AO in 0. 
With any point 0' (Fig. 565) as centre and 00 (Fig. 66a) 
as radius describe an arc 01?; and with same centre and 
OE (Fig. 66a) as radius describe an arc C'E'. Now join 
C O', and, proceeding exactly similarly as in drawing the 
ends’ pattern, complete B E' O' 0 the pattern for the sides. 

Case II.—Patterns when the body is to be made up of two 
pieces. 

In this case the seams are usually put at the ends A and B 
(Fig. 64). It is evident that one pattern only is now required, 
and that thte is made up of a side pattern, with, right and 
left attached tt it, a half-end pattern. 

Draw (Fig. 57) a side pattern EC C'E' in the way 
described in Case I. Then with 0 as centre and the ladius 
of the ends’ pattern, that is B 0 (Fig. 55a) as radius, set off 
the distance 0 0. With 0 as centre and radii 00 and 00" 
describe arcs 0 B and O' B’. Make 0 B equal to 0 B (Fig. 641 
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and join B 0, cutting 0' B' in B'. Tiien 0 B B' C ih a talf-end 
'pattei'ii attaolioJ to CO'. The half-enil pattern EAA'B' ia 

Fia. r>7. 



added at E E' by repeating the conatruotion jus't described. 
This completes A B B' A' the pattern required! 

Case III.—Pattern when the body is to be made up of one 
piece. 

We will put the seam at A (Fig. 64), the middle of one 
end. Draw 01) D' O' (Fig. 58), an end pattern in the way 
aeiMJrtoed in Case L Produce C C and make 0 0 equal to 
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(’0 (Fig. DGn), the raiiins foi a Bido pattern. With 0 as 
centre and radii 0 C and 0 O' describe area 0 E, C E'. Make, 



C E equal to C E (Pig. 54) and join E 0 cutting C'E in E'. 
Make E O' equal to B 0 (Fig- 65o) and witli O' E as radius 
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describe an are B A. With samo centre and O' B' as radius 
describe an arc E' A'. Make B A equal to E A (Pig. 64) and 
join A O', cutting E'A' in A'. The remainder DAA'D' of 
tho pattern can lio drawn by ro]icating the foregoing con- 
structii'U. The figure A C D A A' D' C A' will 1)0 the pattern 
required. 

TEOP.I’jEM XXX. 

To draw, without long radii, the paltem for an oval equal- 
taimrinq body with lop and bottom parallel, th; IteiijU and 
the dimmiima of tlw top and bottom being given. 

This is a problem which will be found very useful for 
large work, especially with the pal torn for tho sides, the 
radius for which is often of most inconveniont length. 



To draw the ends’ pattern. 

Draw (Pig. 5'Ja) tho plan C D D' C of the end of the body. 
Divide CD into four or more equal parts, and join, 1, 2, &0., 
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to.Q, by lines cutting CD' in 1', 2', &c. Prom C draw CD 
perpendicular to C C and tHjual to tho given height. Join 
CD, then C D is tho true length of C O'. Join C1'; draw* 
1' Pi perpendicular to it and equal to tho given height; and 
join C B. Then C E may ho taken as tho true length of C 1'. 
Draw C C' (Pig. 6!)fc) equal to C' D (Pig. 590). With C and 
C' as controB and radii rcspoc ivcly equal to C 1 and CE 
(Pig. 5'Jo) describe arcs intersecting in point 1. With C' and 
C as centres and radii respectively equal to C' 1' ahd C E 
(Pig. 59o) descrilK) arcs intersecting iii point 1'. By using 
points 1 and 1' as centres and repeating the construction, 
points 2 and 2' can bo feund. Similarly find points 3 and 3', 
and D and D'. Join It If, draw a regular curve from 0 
through 1, 2, and 3, to D, and another regular oui ve from C' 
through 1', 2', and S', to D'. The figure C 0' D' D is the 
pattern required. 

Fia. 60 a. 


D 


To draw the sides’ pattern. 

Draw (Pig. 60a) tho plan E C C' B' of the side of tho body. 
Divide E C into four or more equal parts, and join 1. 2, &b., 
to P. by Hues cutting E' C' in 1', 2', &o. Prom E draw E P 
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perpendicular to EE' and equal to the given height. Join 
E' P ; thou E' P IB till) true length of E E'. Next join E1'; 
draw I'D jierpcndicular to El' and equal to the given 
height, and join ED; tlieii ED may lie tahon as the true 
length of E1'. Now draw (Pig. G06) E E' equal to E' P 
(Pig. 60a), and with E and E' as centres and radii respec¬ 
tively equal to E 1 and D E (Pig. GOa) describe arcs inter¬ 
secting in point 1. With E' and E as centres and radii 
respectively equal to E' 1' and DE (Pig. GOn) describe arcs 
intersecting in jxiint 1'. RcjMsiting the construction with 
points 1 and 1' as centres, the points 2 and 2' can be found ; 
and similarly the points 3 and 3' and the points C and O'. 
Join 0 C'; draw a regular curve from E through 1, 2, and 3, 
to C, and another from E' through 1', 2', and 3' to O', The 
figure E E' C' C will be the pattern requireG 
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Book III 
CLASS IIL 

Pattei®8 for Miscellaneous Autmles. 

I The hook we now reach is made up of miscellaneous prohlems, 
all of which arc of considerable practical imnortanoe, as well 
as are also typical cases. 


PSOBLEM L 

To draa a pattern for the tUboie formed hi/ two equal cireukl 
pi^^fifflin^ore of equcd diameters) lehieh meet at any angle. 

Fiist draw (Fig. 1) a side elevation and a part-plan of the 
elbow, as follows. Draw any two lines GG', OG' at an 
angle to each other equal to the given angle of the elbow; 
through any point G in GG' draw GA perpendicular to 
G'G' and equal to the diameter of the pipes; and through 
A draw an indefinite lino A A* parallel to G G^ Then from 
any point 0 ifl G’O draw ON perpendicular to G'O and 
equal to the diameter of the piiio; and through N draw an 
indefinite line N A parallel to G' 0 and meeting A A' in A'. 
Join A'G' (the line produced always bisects the angle 
66' 0); then ON A G is a side elevation of the elbow, and 
the line A'G' represents the joint or ‘mitre’ of the pipes. 
On Q A describe a semicircle G d A (this will be the part- 
plan of the elbow); which divide into any number, here six, 
of equal parts in the points b, c, d, e,f. From each of these 
points draw lines parallel to A A', namely, the lines 6 B, c C, 
™ —A fV. cutting G A in the points B, C, D, B. and 
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THE THIRD EDITION. 


The Third Edilinn of tKie work containa, witli 50 new dia-* 
grama and illustrationa, more than 80 jiagea of additiiitial 
matter. Books I. and 11. remain as before. Book III. con- 
tains several now and importont iirohlems in “ penetrations.” 
Book IV. is almost new. Towards Chapter I., which dej 
scribes Pipe-Bending, help was furnished to the autlior by 
his former student and asaistiint, Mr. W. II. Bennett, now 
Instnictor in Metal-Vlatc Work at ttic h'cgeut Stri'et Poly¬ 
technic, Chapter II. treats nf tlie making up of Pipe Bends 
out of flat shoot, and dofls with that subject as it has never 
before been dealt with—systematically and ooniprehensively. 
To Book V. has been added an article on “'i'inniiig and Ee- 
tinning.” • 

The system of geometric conatnietion for the patterns of 
skeet-metal articles set forth in this book, came of investiga¬ 
tion made by tho author about twenty-two ye.ars ago. In 
1886, after several years of thorough testing, tho system was 
illustAted in model and diagram at the South Kensington 
Invei^ons Exhibition, and in 1887 further made public in 
the lirst Edition. A workman, studying tho«book, learns 
to recognise easily tho nature of any sTirface ho meets with, 
whether flat or curved, and how to deal with it for his 
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purposes. Indirect evidence of the value of the book is 
afforded by the extent^fo which other writers—with no 
ackno'^ledgcment, however, of their indebtedness—have 
turned t (4 it for “ copy ” and model; and direct evidence 
in the fi'orjnent communications received from actual sheet- 
metal x^orkor.'j, who, by the author’s system, have readily 
solved problems, very difficult if not imjmssible of solution 
otherwise. 

As with the^Second Kdition, so now, T have to acknow- 
ledgt! the very valntiblo assistance given mo by my friend, 
Mr. II. W. Ley, in revising the mnv matter, and seeing the 
b«ok through the press. 

0. T. M. 

Borotoh Pot.TTBcnsto iNsriTiiTE, London . 

Aiiril, 18!I9. 
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THE SECOND EDITION. 


Ttns lUeeoiid JUdition, Ion;; dclaypfl tlirniigh i)ressiiro of work, 
is tho First Edition augniontod liy akont 70 more pages of 
original matter, making tlio kook still wore usoful to tlie 
shoot-motal worker wIjo desires to know Lis trade, and 
lajcomo an all-round Laud, instead of being cramped u]) in 
a narrow over 3 ulay groove. The specialisation in tlio shops! 
hsouglit Technical Education about; the increasing tendency 
to it marks the need of a wide basis for such education. 

The divisions of tin-jdato, iron-plate, and zinc workers did 
not formerly exist; they ^o not exist now among the older 
workmen, and should not among the j'oungor. The shapes 
treated in this volume come Wore all sheet-metal workers; 
the main differences of their work are not those of shape, hut 
of size and consequent manipulalion. 

^linn’s* Workshop Companion for Tin, Sheet Iron, and 
Copper Plate Workers,’ is a hook published in America and 
circulating here. More thiin one-quarter of that portion 
which deals with patterns in its 1891 edition is neither 
more nor less than a word for word appropriation, without 
aoknowj^gment, of original problems, diagrams and all, from 
my pages. The Preface to the hook can, well afford to make 
much of “ the addition of new matter.” 



PBEFAOE TO THE SECOND EDmON. 

My thanks are due to Mr. H. W. Ley, Secretary of the 
Westminster Toelmieal Jnstitnte during my Directorship of 
it, fur^auy useful suggestions, and for very careful revision 
of its OTQof sheets. 
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In the pages that follow, tlio sctting-ont of pattoma formetal- 
plato workers i.s systematised (for the first lime, so far as 1 am 
aware), and hy tho system laid down, nearly all the patterns 
required by sheet-metal workers can be set out on one 
general geometrical principle. Thus treated, tJie subject 
becomes a coinpai ati\cly easy one, and tbo workman leaims 
how, on tho given principle, to develop for himself the 
surface of any article ho may have to make, to the saving, as 
against various methods practised hitherto, of both time and 
material. 

Of the methods heretofore taught in the workshop or 
otherwise, some have no application beyond tho particular 
article with respect to which they aro described, some arei 
absolutely^impraoticable. The methods that those pages 
explain are applicable always; and have been proved by 
abundant experience in my classes. 

The commencement of tho IxKtk was a series of articles 
that wei% wi itten by me for The Iranmanyer. These and my 
class amyeotrrre notes have greatly aided me in my effort to 
make the book comprehensive, as well as^it the same time a 
welcome workshop companion. Not only do's it contain 
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pattern,1 which arc csBcnlially those of numeious articles of 
every-ilay inaimfaclnre^hnt a spainl feature is iuade of largo 
work f—anil Jiow it may ho doait with under ordinary work¬ 
shop conditions. Each of tho prohlcms is cmripleto in itself; 
bufraltijongh Wvod independently they follow each other in 
due order. 

«It is,iny ho])e that tho hook will he an aid to shidonts in 
engineering apd geometry, as well as to those for whom it is- 
particularly written; that it will he a servieeahlo addition 
to the scanty and insufficient literature on tho application 
ot geometry to metal-plate work; and that it will in some 
degree assist tho cause of technical education. 


C. T. tt 
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Book II. 

CHAPTEK I. 

PAiTEiiNS jfOR Pound Abticli® op Unequal Taper or 
Inclina'i'ion op Slant. 

(Class II. StibdmHim a.) 

(42.) We stated at tlio coimneucoment of the preceding 
division of onr sulyoot tliat it was advisable, in order that 
the rules for the setting out of patterns for articles having 
equal slant or taper should be better understood and remem¬ 
bered, to consider the principles on which the rules were 
based ; and the remark is oipially true and of greater im¬ 
portance in respect of the rules for the setting out of patterns 
for articles having unoqiml slant or taper. We have shown 
that the basis of the rules for Jho setting out of patterns for 
equal tapering bodies is the right cone; we purpose showing 
that the basis of the rules for the setting out of patterns for 
articles of unequal slant or taper is what is called the obUqve 
cone. The considei-ation of the cone apart from its species, 
that is, apart from whether it is right or oblique, which 
becomes now necessary, immediately follows. 

Definition. 

(43.) Gone.—A cone is a solid of which one extremity, the 
base, is a circle; and tho other extremity is a point, the apex. 
The line joinisg tho apex and the centre of tho base is the 
axis of the cone. 

(44.) Given a circle and a point in the line passing through 
the centre of the circle at right angles to its plane. If an 
indefinite straight line', passing always through the given 
point, move through tho circumference of the given circle. 
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there will he thereby generated between the point and the 
sir lo, a solid; this solid is the right cone. 

(46.) If, all other conditions remaining the same, the given 
point is out of the lino passing through the centre of the 
circle at right angles to its piano, the solid then generated 
will 1)0 the oWique cone. 

(46.) Figs. 1 and 2 represent oblique cones. The lines 



VA, VC, VP, and VG (either fig.) drawn from the apex 
V to the circumference of the base of the oone.are portions of 
the generating line at suecossive stages of its revolution. It 
is but a step from this and will be a convenience, to regard 
these lines, first, as each of them part of an independent 
generating line, and then as each of them a complete 
generating line. Shaded representations of various obliqne 
cones will bo found later on. 

(47.) Comparing now the right and obliqmv cones. A 
right cone may be said to bo made up of an ijifinito number 
of equal generating lines, and an oblique cone of an infinite 
number of unequal generating lin( s. 

(48.) 'If a right cone is placed on a horizontal plane, the 
apex is vertically over the centre of the base. 

f49.) If when a cone is placed on a horizontal plane the 
apex is not vertically over (he centre of the base, the cone is 
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oblique. Hence all cones not Hght cones are oblique cones. 
Honco also a (X)no is oblique if its axis is not at right angles, 
to every diameter of its base. 

(60.) In the right cone, any jdtino containing the axis is 
lierpondicular to the base of the cone, and contains two 
generating lines (see Figs. 3 a and 2a, p. 25). 

(51.) In the oblique cone, owly one plane containing the 
axis is perpendicular to the base of the cone, and this plane 
contains its longest and shortest generating lines. In Fig. 

1 or 2 the lines V A and V G arc respectively the longi st and 
shortest generating lines, and the plane that contains these 
linos contains also V 0 the axis of the cone. 

(62.) The obliquity of a cone is measured by means of the 
angle that its axis mo kes with that radius of the base that 
terminates in the extremity of the shortest generating line. 
Thus the angle V 0 G gives the obliquity of either cone V A G. 
The angle V 0 G also gives the inclination of the axis. 
As the angle V A G is in the same plane as V 0 G and 
smaller than that angle, it will be seen that not only is V A 
the longest generating line, but it is also the line of greatest 
incliuition on the cone. Similarly as the angle that VG 
makes with A G produced is* greater than V 0 G, the line 
V G is not only the shortest generating line, but also the 
line of least inclination on the cone. 

(63.) The plane that contains the longest and shortest 
generating lines bisects the cone; consequently the generating 
linos of either half are, pair for pair, equal to one another. 

(64.) If the elevation (see § 21, p. 48) of an oblique cone 
be drawn on a plane parallel to the bisecting plane, the 
elevations of the longest and shortest generating lines will 
be of the same lengths respectively as those lines. Thus if 
the triangle HAG (either fig.) be regarded as the elevation 
of the cone represented, then V A will bo the true length of 
the longest generating line of the cone, and V G of the 
shortest. In speaking in the pages that follow, of elevation 
with regard to the oblique cone, wo shall always suppose it 
to be on a plane parallel to the bisecting plane. 

(66.) If Hie hypotenuse of aright-angled triangle represent 
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a generating line of any cone, riglit or oUiqne, then one of 
the aiiles containing tlic right angle is equal in length to the 
plan of that line, and th« other side is equal to tlio hidght 
(distance between the extremities) of any elevation of it. 
See, p. 25, the triangles 0 B A, 0 G A, () E A, 0 D C, 0 K 0, 
0 F C, and, p. 109, the triangles V' A V, V B V, V' C V, &c. 
See also § 22a. " 

(5C.) As the geni'rating lines of the oblique cone vary in 
length; the setting out of i)atterns of articles whose basis is 
the oblique cone (that is to say, the develojiment of the 
curve! surfaces of such articles) differs from that ajiper- 
taining to articles in which the right cone is involved. The 
principles, however, are the same in both cases. In develop¬ 
ments of the right cone, if a number of its generating lines 
are laid out in one ]ilane, then as they are all equal and have 
a point (the apex) in common, the curve joining their 
extremities is an arc of a circle of radius equal to a generating 
line; while in developments of tlie oblique cone, as the 
generating lines, though they still have a point in common, 
vary in length, the individual lengths of a number of them 
must be found, as well as the distances apart of their 
extremities, before, by being faid out in one plane at their 
proper distances apart, a curve can bo drawn through their 
extremities, and the required pattern ascertained. 

The problem which follows gives the working of this in 
full 


PEOBLEM I. 

To draw the pattern (develop the surface) of an Miqne cone, (hi 
inclination of the axis (§ 52), its lemjth and tfie diameter 
of the hose of the cone hang given. 

Jhrst (Fig. 3) draw V' A G the elevation of the cone, and 
A d G half the plan of its base; thus. Draw any line X X, 
and at any point 0 in it, make the angle VOX equal to 
the given inclination of the axis (a line 0 V is omitted in 
the fig. to avoid confusion), and make 0 V equal to the 
given length of the axis. With 0 as centre and half the 
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given diameter of (ho base a« radius desorilie a semicirelo 
Add culting XX ill A and G. Jidn A V', G V, then 
V' A G is the elevation required, and A d G is the half-plan 
of base. Next divide AdG into any convenient ipimher of 
parts, equal or unequal. The division here is into six, and 
the parts are equal; to inaho thoiii so being an advantage. 
Now lot fall V' porjioiidioular‘to XX; and join V to the 
division ]ioints h, c, d, e, f (to s,ave multijdieity of lines this 
is only partially shown in tho tig.). The linos V A, V b, 
V c, &c., will he the lengths in jilan of seven lines from apex 



to base of cone, that is, of seven generating lines. Now 
with V as centre and radii succossivcly V 6, V c, V d, V c, and 
V/, describe ares respectively cutting X X in B, C. B, E, and 
F. Join V B^V C, &o.; then as V V is tho height of any 
elevation of either of the seven generating lines (see § 22a, 
p. 48, and § 65, p. 107) and as V A, V B, &o., are their 
plan lengths, we have in V A, V B, V' C, &c., their tnio 
lengths. V G is not only so however, it is (§ 64) tho shortest 
of all the generating lines of tho cone. 

To draw the pattern of the cone with the seam to corro- 
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spend with V' G the shortest generating line. Draw (Fig. 4) 

V A equal to V'A (Fig. 3j, and with V' as centre and 

V B, V C, V'D, V'E, VF, and V'G (Fig. S) successively 
as radii describe arcs, respecti ve\y,bh, cc, dd, ee ,//, and gg. 
With A as centre and radius equal to Ab {Ah being the 
distance apart on the round of the cone at its base of the 
generating lines V A and' V B') (Fig. 3) deseiibo an arc 
cutting th(! arc b h right and left (,f V' A in B and B. With 
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these points B and B as centres and radius as' before (the 
distances apart of the extremities of the generating lines at 
the base of the cone being all equal), describe arcs cutting 
the arc ec right and left of V A in C and C. With same 
radius and the last-named. points as centres describe arcs 
cutting dd right and loft of V'A in D and D. With 
D and D as centres and same radius desorilx} arcs cutting « e 
right and left of V A in E and E, and with B and E as 
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centres and same l adins describe arcs cutting // right and 
left of V’ A in F and F. Similarly with same railius and- 
F and F as centres find points G and O. Draw through A 
and the points B, C, 1), E, F and G, right and loft of V A 
an unbroken curved line. Also join G V" right and left of 
V A, then G A G V will he tho pattern required. 

The dotted lines V' B, V C, \ 1), &c.. are not necessary for 
tho aolulion of tho problem, and are only drawn to show the 
position of the seven generating lines on the dcvolo)iod surface. 

(57.) As tho plane of the elevation V A G bisects the cono 
(§§ 63 and 54), it is clear that tho seven generating linos 
found, correspond with seven other generating lines on 
the other half of the cono; so that in finding them for 
one half of tho cono, wo find them for tho other, as the 
halves necessarily develop alike. 

(68.) Round articles of unequal slant or taper h.aving 
their ends parallel are portions (frusta) of oblique cones. 



(69.) Fruttum .—If an oblique cone bo cat by a piano 
parallel to its base, then the jiart containing the apex 
ia still an oblique cone as V A' C’ G' (Fig. 6), and tho 
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part A' A C G G' containing the base is a fruttim of an 
oblique cone. A shaded representation of snoh frustum 
will be found in Fig. 1 5. This frustum, liowevcr, differs 
from that, of the right cone (§ 12, p. 33), in that, though 
having circular ends, its sides arc not of equal, but of un¬ 
equal slant. Conversely, a round unequally tapering body, 
having its top and base parallel, is a frustum of an oblique 
cone. A tapering piece of pipe A'A GG'(Fig. 6) joining 
two cylindrical pieces which are not in lino with each other 
is a fnistum of an oblique cone. 

(60.) Boforring to Fig. 5, it is evident that if the pattern 
for the larger cone, V A G, and the pattern for the smaller 
cone, V A'G', bo drawn from a common centre V (Fig. 9), 
the figure G’G AOG' (Fig. 9) will be the pattern for the 
portion AGG'A' (Pig. 5) of the cone VAG. The line 
CC shows a generating line of the frustum (h, p. 126). 

Pw. 76. 



(61.) A case that not nnfrequently occurs needs mention 
here. Suppose the diameters of the top and base of a round 
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nnequal-taperinp; body of parallel ciuls aro very nearly equal, 
tbon it is evident that tlio apex of the oblhiue (!ono of which, 
the body ia a portion will bo a long distance off, and, if the 
diametera bo equal, then tho body becomes what is called an 
oblique cylinder, (a cylinder is a round body wiJiout any 
taper at all). Of course this is an extreme ease, but it is 
quite an admissible ono. For, if the diameters of tho ends of 
the body differ by only yjJunF inch, thon, clearly, however 
short the body may lie, wo are dealing with a frustum of an 
oblique cone, .although so nearly a cylinder that, for almost 
any purptwi ocouiring in practice, it could bo treated as a 
cylinder. Later on tljo advantages of looking upon tho 
oblique cylinder as a special case of frustum of an oblique 
cone, and con.sidering its geniirating linos as parallel, will be 
seen. Such a frust um is represented in A A' G' (i in Figs. 
7o and 76, tho lino 0 (>’ being the axis of the frustum and 
C C .and F F' gonerating linos. A construction easily dealing 
with its devclo]>ment will be given piresf ntly. 


HtOBLEM II. 

To draw the pattern of a round unequal-lapering body unth top 
and base parallel (frustum of an obliquecone, as in Fig. 5), 
the diameters of top and base, the height, and the inclination 
of the longest generating line being given. 

First (Fig. 8) draw the elevation and half tho plan of the 
body, thus: Draw a line XX', and at any point A in 
it, make the angle X' A A' otiual to the given inclination of 
the longest generating lino. At a distance from X X' equal 
to the given height, draw a line A'G’ parallel to XX'. 
Prom the poir* A'where A'G' cuts A A', make A'G'equal 
to tho diameter of tho top, also make AG equal to the 
diameter of the base; and join G G'. Thou A A' G' G is the 
elevation of the body. Now on AG describe a semicircle 
A d G, this will bo half the plan of the base. Produce A A', 
G G', to intersect in V; this point will be the elevation of 
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the apex of the cone of which the body is a portion. Through 
V draw V' V perpendicular to X X'; divide the semicircle 
into any convenient number of c()ual parts, here six, in the 
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points h, c,d, e,and/; with V as centre and ladii sncccssively 
V 6, Vc, V d, &c., describe ar<s respectively cutting X X in 
B, C, D, (to.; and join B, C, D, &o., to V by lines cutting A' G' 
in B', C, D', E’ and F'. Then B B', C C, I) D', &c., will bo 
(see construction of last problem) the true lengths of various 
generating lines of the frustum (h, p. 12C). 

Now to draw the pattern (Fig. 9) so that the seam shall 
correspond with GG'(Fig. 8) the shortest generating line. 
Draw (Fig. 9) V A ecpial to V'A (Fig. 8) and with V'. 
(Fig. 9) as centre and radii successively equal to V B, V 0, 
V'D, VE, V F, and V'G (Fig. 8), do-scribo,respectively, arcs 
56, cc, dd, cc, f fj and 99- With A as centre and radius 
equal A 5 (Fig. 8) (see preceding problem for the reason of 
this), describe arcs cutting the arc 55 right and left of V'A 
in B and B. With those points, B and B as centres and 
radius as before, describe arcs cutting the arc c c right and 
left of V' A in 0 and C. With, same radius and the last- 
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named points as centres, doscvilio arcs cutting dd right 
and left of V A in D and D. With D and D as centres and. 
same radius, dcscrihoarcs cutting ee right and left ofV A in 
E and B, and with E and B as centres and sauvo radius 
describe arcs cutting //in V and B. Similarly, with same 
radins and P and P as centres find points G and G. Join the 
points B, 0, 1), B, to., right anU left of V' A to V'. M ith 
V'as centre and V’A' (Pig. 8) as radius describe an arc 
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ODtting V A in A'. With same centre and V B' (Pig. 8) as 
radius descriltc an arc h' h' cutting V B right and loft of V' A 
in B'. With same centre and VC (Pig. 8) as radius 
describe an aw c' c' cutting V' 0 right and left of V A in C. 
Similarly, with the same centre an 1 V D', V E', V P', and 
V 6' (Pig. 8) successively as radii describe,, ros|)ectively,arcs 
d'd\ e'e', /'/', and ij'g', cutting VD, VB, VP, and VG, 
right and left of VA respectively in D', E', P', and O'. 
Draw through A and the points B, C, D, E, P, and G, right 
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(Hill loft of V A an unbrokon curved line. Also draw tlirongb 
•A' and the points B', C', I)', E', F', and G', rigid and left of 
V A an nnbroken curvod line. Then G A G G' A' G' will 
be the pattern requirod. 

The small semicircle (Fig. 8) and perpendienlar linos from 
its extremities are not needed in this pridJem, but are 
introduced in illustration of that next following. 

(62.) In the applications of the oblique cone, it is generally 
in the form next following that tho problem presents itself. 


PROBLEM III. 

To draw tho pattern of a round uneqml-tapering body with top 
and base parallel (frustum of oblique conef, its plan and the 
perpendicular distance between the top and base (the height of 
the body) being given. 

Tho working of this problem shonld bo carefully noted, 
for the reason just above stated. 

Lot ago.' f (Pig. 10) be thcogiven plan of tho body. The 
side linos of tho plan aro not drawn, but only tho circles of 
its top and kase, as wo do not make use of the side lines. In 
fact, all that we really make use of is, as will bo presently 
seen, the halves of the plan-circles of tho top and base of the 
body, not, howcjver, placed anyhow, but in their proper positions 
relatively to one another in plan. This is tho all-essential point. 
If the plan-circle a’ g' (Fig. 10) of tho top of the frustum 
were further removed than represented from tho plan-circle 
«jji of its base, we shonld, by the end of our worlv.ng, get at 
the pattern of some otlier oblique-cone fnistumrthan that the 
pattern of which we require. Through 0 O' tho centres of 
tho circles draw an indefinite lino a V, and draw any line 
XX parallel to 00. Through a and g draw a A and gQ 
perpendicular to X X, and through o' and g’ draw indefinite 
lines o'A" and g'G" perpendicular to X X, and cutting it in 
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points A', 6'. Make A’ A" and G' 0" each equal to the given 
height or perpendicular distance tliat the top and base are* 
apart. Join A A" and G G", and produce these lines to inter¬ 
sect in V'. The problem can now bo completed by Problem II. 


Fia. 10. 



It should be noted that it is only necessary to draw half the 
plans of the top and base as shown by the somioiroles A G 
and A' G' in Fig. 8. 

The case of largo work, where long radii would be incon¬ 
venient, we treat as a separate problem, and wo will suppose 
the dimeifeions given to bo those of Problem II. The 
method is alko suitable where there is little difference 
between the diameters of top and base of the body. 
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PItOBLEM lY. 

To dram without long radii the jjiitlom of n round unequal- 
tafu ring hodi) with top atid hum paral’d, the diameters of the 
Up and hose, the heiij'it, and the iudimtum of the longest 
generating line heing gimv. 

Draw any lino XX' (Eig. 11) and at piiiit A in it make 
tlio angle X'AA' equal to the given inclination of the 
longest generating lino. At a distance from X X' equal to 
the given height draw a lino A" E parallel to XX'. Make 
AE iMjual to the longer of tlie given diameters, and on it 
describe the semicircle A c E. From the point A" whore 
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A" Fonts A A" let fall A" A' perpendicnlar to X X. Make 
A' E' equal to the slioitcr of the given diameters, and on it 
describe the semicirole A 'd E'. Next find c and c' the mid¬ 
points of the semicircular arcs. These are easily found by 
drawing lines (not shown in the fig.) throtjgh 0 and O' (the 
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centres from which the semicircles are descrihod) perpen¬ 
dicular to XX' and cutting the semicircular arcs in the* 
required joints e and c'. Join c e’ and produce it meeting 
X X' in V ; this point will he tho plan of the ajicx of the cone 
of which our tapering body is a frustum. This point is by 
no moans always within what may be termed workable reach, 
as for instance where tho two semicircles are nearly equal 
tho linos X X' and cc' therefore very nearly parallel, and tho 
producing c c' to V impracticable. Wc will work undor both 
suppositions. 

(03.) If V is acocssible, then divide tho larger semicircle 
into any convenient number of parts (lour parts only are 
taken in the figure in order to keep it dear), as Ah, be^cd, 
dE. Join h and d to V (c is already thus joined, the lines 
from b and d to V are oidy drawn in tho fig. as far as the 
smaller sornieircle) by lines cutting the smaller semicircle 
in V and d'. Then A A', b V, c &c., are the plans of gene¬ 
rating lines of tho frustum (tapering body), and in order to 
draw its pattern tlicir true lengths must lx; found. 

(64.) If V is inaccessible, then divide tho smaller semi¬ 
circle in to four parts (the same ‘ couvenient number ’ of parts 
that the larger semicircle waa*dividt'd into), in tho points b', 
c', and d', and join bb', cc', and dd'. 

The true lengths of b b', c c', &o., are found as follows; Prom 
B' draw a lino perpendicular to X X' and cutting A" P in P, 
and join EP. Then EP is the true length of BE'. Now 
make E' D equal to d d' and join DP; then D P is tho true 
length of d d'. Next set off E' 0 equal to c c', and E' B equal 
-tobb’; and join CP and BF. Then CP and BP are the 
true lengths respectively of cc' and bb'. Tho true length of 
A A' we aiready have in A A", and as this is the longest 
generating lihe of the frustum, E P will be tho shortest. 

We proceed now to 'find the distance tho points A and b', 
b and c', c and d', &o , are apart, which wo do by finding the 
true lengths of the lines A 5', b c', c d', and d E', joining 
the points. Thiough V draw b'b" perpendicular to A 6', and 
equ^ to the given height. Join Ab" ■, then Ab" may be 
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taken as the true length of A V. Similarly, through c', if, 
and E' draw linos equal to the given height, and perpen¬ 
dicular to h e', c d\ and dB' respectively. Join be", e d", and 
de"\ then he", cd!' and de" may lie taken ns the true lengths 
required.' 

To diaw the pattern (Fig. 12) the seam to correspond with 
the shortest generating lino. Draw A A' ecjual to A A" 
(Fig. 11) and with A and A' as centres atid radii respectively 
Ah" and A'V (Fig. 11) descriho ares intersecting in h'. 
Next with V and A its centres and radii respectively B F and 
A h (Fig. 11) describe ares intei'secting in h. Thou A, h. A', V, 
are points in the curves of the i)attern. With h and V as 
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centres and ratlu respectively he" and h'c' (Pig. 11) describe 
arcs intersecting ih *'• With c' and h as centred and radii 
respectively C P and t" (Pig- H) describe ards intersecting 
in c ; and with c and c' as centres and radii respectively c d" 
sndc'd'(Fig- H) describe a;cs intersecting in d'. With d' 
and c as centres and radii respedively D P and cd (Pig. 11) 
describe arcs intersecting in d. I'lnilarly find E' and E. 
Draw unbroken curved lines through i.bcdE and A' Vc'd 'E 
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and join E E'; fhat will give hb lialf the pattern. By like 
jjroocduro we find the otlnir half of the pattern, that to the 
left of A A'. 

(65.) The Hnea b V, e e\ An., and the dotted liiiea A b\ b c’, Ac., 
are drawn in Fig. 12 Kiiuply to show the position that the 
lines which correspond to them in Pig. 11 (bh', Ab', &o.) 
take npon the developed surface of the tapering liody. It is 
evident that it is not a necessity to make distinct operations 
of the two halves of the pattern ; for as the jH>ints b', 5, c', c, 
&c., are sucoessivoly found, the points on the left of A A' 
corresponding to tlunu can ho sot off. 

niOBLEM V. 

To draw the pattern of an otdiipie eyleioler (inrliiied eireatar pipe, 
for example), ftie h iojlh and iiuiiuatimi of the axis and the 
diameter bang given. 

Draw (Pig. 13) any line A'tl', and at the point A'in it 



make the angle 6' A' A” equal to the given inclination of the 
axis. Make A' G' equal to the given diameter, and draw a 
line G' G" pai'allel to A' A". Make A' A" and G' G" each equal 
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to the Icnpth of the cylinder (the length of a cylinder is the 
’length of its axis) and join A''0". Then A'A" (TO" is the 
elevation of the cylinder. Now on A! 0^ descrihe a semi¬ 
circle, and divide it into any number of equal parts, in the 
points 1, 2, 3, Ac.; tlirough each point draw lines i)er])cndi 
cular to A' O', meeting it in points B', C, 1)', Ac., and through 
B', C, 1)', Ac., draw linos parallel to A' A". Draw any line 
A 0 perpendicular lo A' A" and O' 0", cutting the linosB B , 
C C", Ac., in points B, C, Ac. ■ Next make B h equal 
to B'l, Cc oi|ual to O'2, T)d equal to D'3, Be equal 
to E'4, and P/ equal to F'.''., and draw a curve from 
A through the points h, c, d, Ac., to 0. It is necessary 
to remark that this curve is not a semioirele, but a 
semi-ellipse (half an ellipse). 


Fio. 14. 



To draw the pattern (Pig. 14). Draw any line A A, 
and at about its centre draw any line 0" 0' perpendicular to 
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it and cutting, it in G. Prnni 0, riglit and loft of it, 
on the linn A A niailc dihtancoB UP, P K, El), DC, C T5, and 
BA equal rnspoclivily to tho distanoAs U/, /c, ed, dc, 
&c. (Pig. 13j. 'i'hrough tho points P, E, D, ■%c., light 
and loft of 0, draw linos jiai allol to G" G'. JIakc G U', 0 G" 
equal to G U', GG" (l•'ig. Hi) rcspootivoly. Similarly 
inalfo P P', P P", E E', E E”, 1) D'. D D", An., right and left of 
G' G" oqiiiil ros 2 )eotivoly to P F', F F", E E'. E E", 1) 1)’, 1) D" 
&o. (Pig. Di). Draw an nnlirokoii ourvod lino from G" 
through F", E", D", &o., right and left of G" and an unbroken 
curved lino through F', E’, 1)’, &c., right and lelt of G'. The 
figure A"G''A"A'G'A' will ho tho jialtorn required. The 
two )iarts G''A"A'(j' of the pattern are alike in evoiy 
respect. 



124 


METAL-PLATE WOKE. 


CflArTEIt II. 

UNEQUAL-TAPEEWa BoDIlS, OE WHICH ToP AND BaSE AEE 
Baeallel, and theib Plans. 

(66.) BEKnitE going info jiroblems sliowing liow to diaw the 
pntterns of unwiual-tiiporing bodies with par ,'11101 ends, 
bodies which are (^as the student wjll realise as ho proceeds) 
partly or wholly portions of oblicpio cones, it will Ix) uocos- 
sary to enter into considerations in respect of the jdans of 
frosta of such cones (see § 58, p. Ill), similar to those 
appertaining to the plans of frusta of right cones treated 
of in Chap. V., Book I.; but to us of greater ini])ortance, 
beo<au 80 tin- constructions in putiblems for the setting out 
of patterns of bodies having unequal taper or inclination 
of slant are a little more difiScult than those in problems for 
patterns of equal-tapering bodies. The chapter referred to 
may be now again read with Id vantage. 

As much use will bo hereafter made of the terms Pro- 
porlionate Arce and Similar Area we now define them. We 
also extend our explanation of Correaponding Poinla. 

Definitions. 

(67.) PiiopoRTiOHAL Arcs: Similar Arcs.— Arcs are pro¬ 
portional when they are equal portions of the oirouinferonoes 
of the circles of which they are respectively parts; they 
are aimUar when they are (.ontained between the same 
generating lines. Similar arcs are nocessarilj' proportional. 
In Pig. 16 the arcs A D and A' D' are proportional because 
each is a quarter of the cirenmforence of the circle to which 
it belongs. They arc similar because the generating lines 
V' A and V D contain them both. 

(68.) CoEREsroNDiNS POINTS.—Points on the same gene¬ 
rating line are corre^nding pointa (compare § 24); thus, 
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the points A and A' are corresnoiiding points, hocanse they 
are on tlio same geTicriitin<;; lino V A ; also the points C and* 
C on the generating line V C. Tho point A' on V A is tho 



plan of A on V A ; tlio point C on V (J is tho plan of C on 
V C; and so on. • 

(69.) From tho figure, which shows a frustum of an oblique 
cone standing on a horizontal plane, it will be scon that the 
plan of a round unccinal-taporing body (frustum of oblique 
cone) consists mainly of two circlos C A D B, C A' D' B', the 
plans of tho ends of the body. In Fig. 16 is shown a 
complete plan of an oblique-cone frustum. With tho con¬ 
necting lines of the two sides we are not concerned, but may 
simply mention that they are tangents (lines which touch 
but do not cut) to tho circles. Further from Fig. 15 it will 
bo seen that, completing the cone of which tho tapering 
body is a portion. 

a. Tho plan of tho axis (lino joining tho centres of the 
ends) of a ft-ustum is a lino joining tho centres of the circles 
which are tho plans of its ends; thus, tho line 0 O' is the 
plan of the axis 0 0" (see also O O', Fig. 16). 
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Similarly, tlie plan of tlie axis of the complete cone, is the 
.plan, jiroiliiceil, of the axis of its fmstum ; thus, 0 V is the 
plan of 0 V. 

h. The plan, prodiicoil both ways, of the axis of a fimstum 
contains the jdaus of the lines of greatest and least inclina¬ 
tion on the frustum (see § 52); that is to say, of the longest 
and ^hortost lines on it. ‘i'lins, 0 0', produced liuth ways, 
contains the plans of A A' .and 11B'. It is convenient to 
regard linos joining corresponding [loints of a frustum 
(corresjionding points of a frustum arc points on one and 
the same generating lino of the comjdeto cone) as gimerating 
lines of the frustum. (Seo in connection with this, § 46). 
Then lines A A', B B', for instance, may ho simken of as 
generating lines of the frustum rojiresonted. 

Similarly, the plans of the longest and shortest generating 
linos of a cone are contained in the plan, produced, of the 
axis of ils frustum; thus, the plans of V'A and V'B are 
contained in 0 O' produced, both ways. 

c. The line, produced, which joins the centres of the plane 
of the ends of a frustum, contains th(! plan of the apex of 
the cone; thus, 0 (•', produced, contains V the plan of V'. 

d. The line, produced, x*hich joins the plans of corre¬ 
sponding points of a frustum (see definition, § 68) contains 
the plan of the apex of the complete cone, and, produced only 
as far .as the plan of the apex is the plan of a generating 
line of the cone; thus, C and C' being corresponding points 
on the cone, the plan, C C, produced, of the joining C and C, 
contains V; and C V is the plan of the general ing line 

cr 

e. The plans produced of all generating lines of a frustum 
intersect the plan of its axis produced, in one point, and that 
point is the plan of the apex of the congilete cone; for 
example, the plane produced, of the generating linos CO' 
and D U' of the frustum intersect 0 O' produced in V. 

(70.) It follows from e that the plan of the apex of the 
eompleto cone of which a given fruslum is a portion can 
easily bo found if we have given the pbins of the ends of the 



METAl-PIiATE -WORK. 


127 


frustnm and the plans of two corresponding points not in 
the lino passing through tho centres of the plans of its ends! 
This is a valuable fact for us, as it spares us elevation 
drawing which in many cases is very troublesome, and 
indeed, sometimes practically impossible, as, for instance, 
where an unequal-tapering bo^y is frustum of an exceed¬ 
ingly high cone tho axis of which is but little out of the 
porpendieular. This is a case in wh ch although the apex 
cannot bo found in elevation because of the great length of 
tho necessary lines, it can roadib ho found in jdan, heoauso, 
in plan, tho re(piisite linos are short. An ohliquo cone may 
of course not only be exceedingly long, hut also very greatly 
out of the perpendicular. In this case it is impracticable 
anyhow to find tho )tlan of tho ayiex. Problem IV., just 
solved, moots both cases. It was hy e that wo there found 
tho plan of the apex when accessible, that is, where the lines 
of the plan are not unduly long (soe Pig. 11) by joining the 
plans of corresponding points c and c’ (e and c' are corro- 
sponding points in that they aro mid-points on the half¬ 
plans of the ends of the frustum, and therefore necessarily 
on one and tho same generating lino), and producing ec'to 
intoi-soot 0 O', tho lino joining^ the centres of tho plans of 
the ends, that is to intersect tho plan produced of tho axis 
of the frustum. 

(71.) Passing the foregoing under review, it will he seen 
that if we have two circles whioli are the plans of tho ends 
•of a round unequal-tapering body (frustnm of an oblique 
cone) standing on a horizontal plane, and the circles are in 
their proper relative positions as part plan of the frustum, 
then the line produced, one or both ways as may bo necessary, 
which joins the centres of the circles, contains:— 

The Plan ofHhe Axis of the frustum (see o, p. 125). 

'ITie Plan of the Axis of tho cone of which tho frustum is 
a part fseo a, p. 125). 

The Plan of the Apkx of the cone (see c, p. 12(1). 

Tho Plans of the T,oNOESTaud SnoiiTEsr OiiNEiiATiNa lines of 
tho frustnm (soe b, p. 126), 
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Tho Pi.ANS of tlio liOWiKST and Shoutest (iKHEnATran 
Links of tho cono, of which the finstuui is a ]iart (sco 5, 

Tho Pi.ANS of (he Links of Oiikatest and Lkast Inclination 
of tho frustnin (see b, p. 126). 

Tho PixANS of tho Links of (Jiieatust and Least Inclina¬ 
tion of the cone, of which tho friislmn is a jiart (see 
§ 52, p. 107). 

And tliis is a niattor of very groat jiraotical iiiiportanco, as 
will he soon later on. 

(72.) As with circles under tho conditions stated, so exactly 
with arcs which fonn tho plans either of tho ends or of 
portions of tho ends, of an nneqiial-tapering Isidy. 

(73.) Further, referring to c and d of ]). fi5 as to round 
cqnal-taporing liodies we are now in a jiositiou to dedneo (see 
Fig. 15) the following as to round imequal-tajiering hodics. 

/. The plan of a round unoqual-tajiering body with top 
and base parallel (frustum of oblique cone) consists essentially 
of two circles, not concentric, definitely situaio relatively to 
one another. See Fig. 1G. 

» 

Fiu. 1(1. 


n 



Similarly the plan of a forlim of such round unequal¬ 
tapering liody (fnistnm of oblique cone) consists essentially 
of two arcs definitely situate relatively to one another, and 
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not conoentrio. See Fig. 17. 0 O' is the axis of llus complete 
frustum. 

g. Cmxinely .—If two circles, not having the same centre, 
definitely situate relatively to one another, form essentially 
the plan of a tapering Ixaly having parallel ends, that body 
is a roun ' uneipial-tapering body (frustum of oblique cone). 

In Fig. 16, if tho two circles represent essentially the 
plan of a tapering body having parallel ends, then the body, 
of which the circles are tho essential plan, is a round unequal- 
body (frustum of oblique cono). 

Similarly if two arcs definibdy situate relatively to one 
another, and not having a common centre, form the essential 
part of tho plan either of a tajioring body or of a portion of 



a tapering body having parallel ends, then that body or por¬ 
tion is a portion of a round unequal-tapering Wy (frustum 
of oblique cone). 

In Fig. 17 if the arcs form the essential part of the plan, 
either of a tapering body or of a imrtion of a tapering body 
having parallel ends; then the body or portion of body, of 
which that fig. is tho plan, is a portion of a round unequal- 
tapering body (frustum of oblique cone). In the particular 
plan represented the arcs are similar; the points B and 
B', and A and A' are therefore corresponding pointe. 
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We will now proceed to draw tlie iJans of Botiie nnecjual- 
tapering bodies, of which paiterus will be presently set out. 


PROBLEM VI. 

To draw the plan of an nnequal-lapmvg body with lop and base 
parallel and having straight sides and semicircular ends 
(an “ equal-end ” bath with semicircular ends), from given 
dimensions of top and bottom. 

Draw A' B' C’ D' (Fig. 18) the plan of the l)Ottoin by 
Problem XVL, p. 20. Bisict A'B' in 0, and through 0 
draw C D perpendicular to A' B'. Make 0 A and 0 B each 


Fio. 18. 



equal to half the length, and 0 C and 0 D each equal to half 
the width of the top. The plan of the top can now be drawn 
in the same manner as that of the bottom, completing the 
plan required. 
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PROBLEM VII. 

To draw the flan of an oral unegval-fafuring hvdij with tnf and 
base parallellan oval hath), from given dimensions of top 
and bottom. 

Draw (Fig. 19) A' B' C' D' the plan of the bottom, the 
given length and width, by I’robleui XII., p. 13 ; and make 


Fiq. 19. 



0 A and 0 B each equal to half the length, and 0 C and 0 D 
each equal to half the width of the top. The plan of the top 
can now be drawn in the same manner as that of the bottom; 
this completes the plan required. 
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PEOBLEM VIII. 

To dram the plan of a tapering hodtj mth top aw- bate parallel 
an:l lacing oblong bUtom mth timdcircular eudn and 
circular tup {iea-boUla Up), from given dimeneions of tup and 
bottom. 

Draw (Fig. 20) the plan of Iho olilong liottom by 
Problem XVI., p. 20, and with 0 the intcruoction o( (be axes 
of the oblong as centre and half the diaiiietor of the top as 
radius, describe a circle. This completes the nlan. 

Fig. 20. 



We here, for the first time, extend the use of the word 
‘axes’ (see Problems XII. and XIV., .pp. 13 and 16). It is 
convenient to do so, and the meaning is obvious. 


PEOBLEM IX, 

To draw the plan of a tapering bodg with Up and base parallel, the 
top being circular and tie bottom oval (oval canister-top), 
from given dimensions of top and bottom. 

Draw (Fig. 21) the plan of the oval bottom by Problem 
XII., p. 13, and withO the intersection of the axes as centre, 
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and half the given diameter of the ton as radius, describe a 
circle. Tliis oompletos the plan. 


Fin 21 



PKOBLEM X. 

To draw the plan of a tapering hudg with top and hose parallel 
anil having oblong base with round comers anil circular top, 
from given dimensiims of the top and bottom. 

Draw (Pig. 22) tlio plan of»tho oblong bottom b}' Problem 
XV., p. 19, and with 0 the intetseotiou of the axes of the 


Pie. 22. 



oblong bottom as centre and half the diameter of (he top as 
radius, describe a circle. This completes the plan. 
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PKOBLEM XL 

To draw the plaa of an Oxford hip-balh. 

Fig. 23 is a side elevation of the bath, drawn here only to 
make the problem clearer, not bccanse it is necessary for the 
working. No method that involves the drawing of a full- 
size side elevation is practical, on account of the amount of 
space that would be required. 

Pro. 23. 



The bottom of an Oxford hip-bath is an egg-shaped oval. 
Tile portion 0 X' of the top is parallel to the bottom A' B', 
and the whole X X' top, the portion 0 X E of the bath being 
removed, is also an egg-shaped oval. In speaking of the 
plan of the ‘bath,’ we mean the plan of the XX'ip'A' 
portion of it, as the plin of this jiortion is all that is necessary 
to enable ns to get at the pattern of the bath. 

We will first suppose the following dimensions given:— 
The length and width of the bottom, and the length of the 
X X' top, the height of the bath in front, and the inclination 
of the slant at back. 

First draw (Pig. 26) the plan of the liottom A' D' B' C' by 
Problem Xlll., p. 14. To draw the horizontal projection of 
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tho X X' top, make (Fig. 24o) the anglu A A'E equal to the 
given inclination of tho slant at the back. Through A' draw 
A' H perpendicular to A A', and e(inal to the height of the 
hath in front; through H draw 11 X parallel to A A' and 
cutting A'E in X; and draw XA perpendicular to XII; 
then A A' will be the distmice, in plan, at the back, between 
tho curve of tho bottom and tho curve of the X X' top 
(Fig. 23). Make A' A (Fig. 25) equal to A A' (Fig. 24ffl), and 
make A B oijual to the length of the X X' top. With 0 as 
centre and 0 A as radius describe a semicircle; tho remainder 
of tho oval of the X X' top can now be drawn as was that of 
the botiom. This Completes, as stated aliove, all that is 
necessary of the plan of the bath to enable its pattern to be 
drawn. 


Flo. 24a. Fio. 246. 



If tho width of the X X' top is given, and not tho inclina¬ 
tion of the bath at back, make 0 A (Fig. 25) equal to half 
that width, and proceed as lajforo. The soam in an Oxford 
hip-bath, at tho sides, is on the lines of which C C' and 
D D' are the plans. 

If the length of tho X X' top (Fig. 23) is not given, it can 
be determined in tho foriowing manner:— 

Let the angle XIV B (Fig. 246) represent the inclination 
(tf the slant of the front, and B' X its length. Through X 
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draw X B porpendicnlar tn B' B; thon B B' will he I he dig- 
tanoe in plan, at the froul, between the curve of the bottom 
and the curve of the X X' top (Fig. 28), and this distance, 
marked from B' to B (Fig. 2.')), together with the distance 
A' A at the back end of the plan of the bottom, fixes the length 
required. , 

Kio. 2.’i. 


B 



If the lengths only of the slants of the bath at back and 
front are given and not thoir inclinations, the plan of the 
X X' top can be drawn as follows:— 

Dra'v two lines X B, B' B (Fig. 24b) j)erpendionlar to one 
another and meeting in B; make B X ecpial to the given 
height of the bath in front, and with X as centre and r^ins 
equal to the given length of the slant at the front, describe 
an arc cutting B'B in B'. Make B'B (Fig. 25) equal to 
BB' (Fig. 24b), and BA equal to the given length of the 
X X' hi]); this will give the distance A' A. Now make A A' 
(Fig. 24a) equal to A A'(Fig. 2.)), draw AX*aud A'H per¬ 
pendicular to A A' and equal to the given height of Ihe bath 
in front; join H X and draw A' E, through X, equal to the 
length of the slant at the back; the'remainder of the plan 
of the X X' top can thon be drawn as already described. 

It will be useful to show here in this problem how to' 
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complete the hack portion already conimonood in Fig Sia 
of the Bide elevation of tho hath. Make A' I'l eqnal to th(f 
slant (§ 4, p. 24) at haok, which must of eourso he given, 
and make XO equal to half the given width of the XX' 
top; join OB, and draw 0 0 perpendicular to A A' produced; 
then A'E 00 is the elevation required. 


I’KOlil.EM XIL 

2h drat* the pion of an Athenian hip-hnth or of a dtz-bath. 

Fig. 26 is a side elevation of tho hath, drawn for tho reason 
mentioned in the preceding problem. 

Fie. 2(i. 



The bottom of an Athenian hip-bath or a sitz-bath is an 
ordinary oval. The portion X' F of the top is parallel to tho 
bottom A'B', and the whole XX' top, the portion B'Xil 
of the bath being removed, is also an ordinary oval. Simi¬ 
larly as with the bath of the las* problem ; we mean by plan 
of tho ‘ b..th,’ the plan of tho XX B' A' portion of it; no 
more being roquirod fur the drawing of the patt -m of the 
batii. 

We will first suppose tho given dimensions to be those of 
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the bottom and the X X' top of the hath, also height of the 
'bath in front. 

First draw A' D'B' C (Fig, 27) the plan of the bottom by 
Problem XII., p. 13. To draw the plan of the XX'top 
(Fig. 26)’ set off 0 A and 0 B each equal to half the given 
length of tliat top, and 00.and 01) esich equal to half its 
given width. The plan of the X X' top can now he drawn 


Pio. 27. 



as was that of the bottom. This eompletes, as stated above, 
all that is necessary of tlio plan of the bath to enable its 
pattern to lie drawn. 

If the length of the X X' top (Pig. 26) is not given but the 
inclination of the slant at front and back, tlieso inclinations 
being the same, the required length can be determined in the 
folbwing manner 

Make the angle AA'E (Pig. 28o) equal to the given 
inclination. Through A'draw A'il perpendicular to A A' 
and equal to the given height of the bath in front; through 
H draw H X parallel to A A' and cutting A' E in X, and 
draw X A perpendicular to A A'; then A A' will be the 
distance in plan, at back and front, between the curve of the 
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bottom and the curve of the X X' top. Make A A' (Fig. 27) 
and B B' each equal to A A' (Fig. 28«); then A B will be the* 
length required. 



If the length of the XX' top of the bath (Fig. 26) ia not 
given, nor the inclination of the slant at front and back, bnt 
only the length of the slant at front, the required length can 
be thus ascertained. 

Draw two lines X B, B' B (Big. 28b) perpendicular to one 
another and meeting in B; make B X equal to the given 
height of the bath in front, and with X as centre, and radius 
equal to the length of the slant at the front, describe an arc 
cutting B B' in B'. Make A' A and B' B (Fig. 27) each equal 
to BB' (Fig. 285), then AB is the length wanted. The 
remainder of the plan can be drawn as described above. 

By a little addition to Fig. 28a we got at the back portion 
of the side elev.ition of- the bath. It will be useful to do 
this. Produce A'X and 2 nako A'E equal to the slant at 
book, which must of course be given. Then, on the plan 
(Fig. 27), E being the meeting point of the en 1 and side 
curves of the oval A D B 0, draw E F perpendicular to A B. 
Make X F (Fig. dda) equal to A F (Fig. 27); join F E; this 
completes the elevation required. 
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PEOBLEM XIII. 

To drafii thf plan of an ohlnuj taper bath, the tine of the top and 
hotlom, the height, and the slant at the Imd being given. 

To draw DE P C (Pig- 30) the plan of the top. Draw A B 
equal to the given length of the top, and through A and B 
draw lines perpendicular to A B. Make A E and A D each 
equal to half tho width of the top at the head of tho liath, 
and B F and B C each equal to half the width of tho top at 
the toe; and join E F and D C. Next from E mark off along 
EF and ED equal distances, EG and E II, according to the 
size of the round comer required at the head. (It will be 
useful practice for tho student to work this problem, com¬ 
mencing with the plan of the bottom, and its smaller comers, 
for the reason given in § 27», p. 63). Through G and H draw 


Fifl. 29'«. 


Fio. 2!)t. 



lines perpendicular to E F and E D respectively, intersecting 
in 0 ; and with 0 as centre and 0 G as ratjjus 1 1 escribe an 
arc H G to form the corner. The round corners at D F 0, 
&c., are drawn in like manner. 

To draw tho plan of the bottom.. Let the angle A" A' A 
(Fig. 29o) be the angle of the inclination of the slant at the 
head, and A' -A" tho length of the slant. Through A" draw 
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A" A jicrpendicnlaT to A A', tlien A A'will ho tho ilishmoe 
between the linos, in ])hm, of the top and bottom at the' 
head. Make A A' (Fie. 30) i qnal to A A' (Fig. 29n), and 
A'B'equal to the length of the bottom. Thrwugh A' and 
B' draw linos each ])eiq)eiidicular to A B; make A' I" and 
A' D' each equal to half the width of the lottom at tli(^ head, 
and IV F’ and IV C' each e<inal to half tho width of the 
bottom at tho toe. Join E' F' and D'O', Tho round corner 
of tho bottom a the head must be drawn in proportion to 
the round comer of the top at the head, and this is d ne in 
the following manner. Join EE' and produce it, to meet 


Kio. 30. 



AB in P, and join H P by a line cutting D'E' in H'; make 
E' G' equal to E' H', and complete tho corner from centre O' 
obtained as was the centre 0. Draw the other corners in 
similar way, apd this will complete the plan required. The 
D comer is like the E corner; the corners also at F and 0 
correspond. Similarly with the E' and D', and F' and O' 
corners.' 

If the length of the bath is given and the length of slant at 
(but not its inclination) head or toe, the distance A A' can be 




142 


METAL-rLATE WORK. 


foundby drawingtwo lines A" A, A' A (Pif;. ‘29fl) perpendicular 
'io one another and meeting in A, and making A A' equal to the 
given height; then, with A" as centre and A" A', the given 
length of the slant at the head, as radius, describe an are 
cutting A A' in A'. Then A A' is the distance required. 
Similarly (Fig. ‘29b) the distfince B li' can be found. 
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CHAPTEE III. 

Patterns for Artioies of UNE(}irAi Taper or Inclination 
OF Slant, and having Plat (Plane) Surfaces. 

(Class If. Suhdimlm b.) 

Articles of unequal taper or inclination of slant, and having 
plane or flat surfaces (hopixirs, hoods, &o.), are fretjuontly 
portions {frusta) of oblique pyramids, or parts of such 
fruata. 

Definitions. 

(74.) Obliqne Pyramid: Frustum of Oblique Pyramid:— 
Oblique pyramids have not yet been defined. For our 
purpose it will be suifioient to define an oblique pyramid 
negatively, that is, ns a pyramid which is not a right 
nyramid; and when cut by a plane parallel to its base (that 


Fra. 31. 



IS when truncated), to define its frustum (§ 33, p. 69) as the 
frustum of a pyramid which is not a right pyramid. In the 
oblique pyramid the faces are not all equally inclined 
Articles of which the faces are not all equally inclined are 
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not necessarily portions of ol)li(ino pyramids. One such 
caso will be given later on. The problems immediately 
following deal with articles of which the fares are not all 
equally inclined, but which areporiions of oblique pyraimds. 

(75.1 Further, an oblique pyramid, when it has a base 
through the angular poinls.of which a cirolo can lie drawn, 
can be inscribed in an oblique cone like as a right pyramid 
in a right cone, and this props ty gives constructions for 
solving most of our oblique-pyramid problems, somewhat 
similar to those in Book L, Chapter VI., where the right 
pyramid is ooncemed. Fig. 31 represents an oblniue 
hexagonal j.yramid inscribed in an oblique cone. This g. 
should be compared witli Fig. 31, p. 67. The edges of the 
oblique pyramid are generating lines of the cone. 


Fig. 32, 



(76.) Also from Fig. 32 it will be seen that the plan of a 
fnistum of an oblique hexagonal pyramid .standing ma hoiv 
2 »ntal plane consists of two hexagons A B C D and A BO D 
(the plans of the ends), whose similarly situated sides, A B and 
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A' B', ISO and IV C, C 1) and C' I>' for inslanci!, are parallel, and. 
vvlioso corroBjiondini' points (§()8, p. 1.'4) A, A' and li, IV, lor 
instanoo, aro joined liy linos A A', 15 U', wliidi are tlio })lan8 of 
the edges of the frustum. Just as in the case of the frustum 
of tlic ohlique oouo (seo d and c, p. 12fi), if a line joining 
corre-ponding points in plan he firodiiced, it will ci ntain the 
plan of the. ape.x of tho comph'te pj I’amid of whieh the 
frustum is a jKirtion; and if another stieh lino he produced 
to iutenseot tho first line, the, point of intersection will he 
that plan of ajiex. For example, the lines A A', 15 IV and 
0 (!' produced meet in a jioint which is the plan of the apex 
of tho pyramid of wliieli tho frustum A1)DD"B''A'' is a 
portion. 

(77.) From this it follows that if tho plan of a tapering body 
with top and haso parallel and ha\ing piano or flat surfaces 
bo given, we can at oiiee determine ahether the tapering 
body is or not a frnstum of an oblique pyramid by pToduciiig 
the jda,u8 of the edges. If those meet in one point, then tho 
giver plan is that of a frustum of an nhlique pyramid. 


PKOBLBM XIV. 

To dram the patlem of an oblique pi/t amid. 

Case 1.--Given tho Jilan of tho pyramid and its height. 

Let ABCDEF \' (Fig. 153) he the plan of the pyr .mid 
(here a hexagonal pyramid), V being the apex, and O V the 
plan of the axis. Draw X X pamllel to 0 V, and through 
V draw V V perpendicular to X X, and cutting itin »; make 
e V' equal to the* given height of the pyramid. Next make 
va,vb, vc,vd,ve, and' vf equal respectively t" V A, V B, 
VC, VD, VE, and V P, the plans of the edges of the 
pyramid. Joining V'a, Vii, V'c, &c., will give the true 
lengths of these edges. 

To draw the pattern of the pyramid with the seam at the 
edge V A. Draw V A (.Pig. 34) equal to V a (Fig. 33)-; with 
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I as centre and V h (Fig. 83) as radius describe are h, and with 
las centre and A B (Fig. 83) as radius describe an arc inter¬ 
acting the arc b in B. The other points C, D E, F, A, are 

Fia. 8J 
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found in similar manner. Thns, with V (Fig. 34) as centre 
and V'c, V'd, V'e, V'/, and Vo (Fig. S3) successively as 
radii, descrilie arcs c, d, e, / and a (Fig. 34). Next, with 
B (Fig. 34) as centre and B C (Fig. 33) as radius, describe an 
arc intersecting arc c in 0; with C D (Fig. 33) as radius and 
C (Fig. 34) as centre describe an <trc cutting arc d in D; with 
D (Fig. 84) as centre and D B (Fig. 33) as radius describe an 
arc intersecting arc e in E ; and so on for points F and A. 
Join AB, BC, CD, DE, EF, FA and A V, and this will 
complete the pattern required. 


PiQ. 34. 



Joining the pgints B, C, U, &c., to V, it will be seen that 
the pattern is made up of a number of triangles, each triangle 
being of the shape of a face of the pyramid, also that the 
construction of the pattern is very similar to the construction 
of that of an oblique cone. 

Should it 1)0 inconvenient to draw XX in the position 
shown in Fig. 33, the true lengths of the edges of the pyramid 

ii 3 
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• can lie found in the following manner. Draw XX qnitS 
apart from tlio plan of the pjTamid, and I'roin any point e in 
it draw » Y' perpendicular to X X, and equal to the height of 
the pyramid, and proceed as just described. 

Case II.—Given the plan' of the pyramid and the length 
of its axis. 

Draw X X (Fig. 33) parallel to 0 V, the plan of the axis; 
through V draw V V' perpendicular to XX, and through 0 
draw 00' perjiendicular to XX. With O' as centre and the 
given length of the axis as radius describe an arc cutting 
V V' in V'; then » V' will be the hcig.it of the pyramid, and 
we now proceed as in Case 1. 

Or, draw V x perpendicular to 0 V, and with 0 as centre 
and radins equal to the length of the axis desiu'ibo an arc 
cutting V ic in it; V x will be the height of the nyramid. 


PEOBLEM XV. 

« 

Tu draw the path m of a frmtum of an dbliiptr pjrandd. 
Case I.—Given the plan of the frustum and its height. 
Let A B C D D' A' B' C (Fig. 36) be the plan of the frustum 
(here of a square pyramid). Produce A A', BB', &c., the 
plane of the edges to meet in a point V; this point is the 
plan of the apex of the pyramid of which the frustum is a 
part. Join 0, the centre of the square which is the plan of 
the large end of the frustum, to V. The line 0 V will pass 
through o', the centre of the plan of the small end; OO'tvill 
be the plan of the axis of the frustum, andtO V the plan of 
the axis of the pyramid of which the frustum is a portion. 

Draw X X parallel to 0 V; through V draw V V' perpen¬ 
dicular to XX, and cutting it in ». Make ox equal to th«f 
given height of the frustum, ami thi-ugh x ^.xaw xx parallel 
to X X i through 0 draw 0 perpendicular, ‘. X X and 
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meeting it in Q and through O' draw O' Q' perpondioulaj. 
to XX and cutting (ex in e'. Join Qe' and produce it to 
intirsoot» V in V. Next make va, eh, ee, e d equal to V A, 
V B, V C, V D respectively ; join a, b, c, and d to V by lines 
cutting®® in points a\V,c\ and d'; aa\ bb', &o., are the 
lengths of the edges of tho frnsthm. 


Kiu. So. 



To draw the pattern with the seam at A A'. Draw V A 
(Fig. 86) equal to V a (Fig. 35); with V as centre and V' b (Fig. 
85) as radius describe an arc b, and with A as centre and A B 
(Pig. 35) as radius describe an arc .intorsecting are 5 in B; 
with V'c (Fig. 35) as radius and V as centre describe arc c, 
and with BO (Fig. 85) as radius and B as centre describe 
an arc intersecting the arc e in C. Next with V d and V a 
(Fig. 35) as radii and V as centre describe arcs d and a ; with C 
as centre and radius C D (Fig. 36) describe an arc intersecting 
arc d in D; and with D A (Fig. 35) as radius and D as centre 
describe an arc intersecting the arc o in A. Join A, B, C, D,- 
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^nd A to V; make A A', B B', C C, D D' respeotivelv equal 
to a a\ IV, c e\ d d' (Fig. 36), and join A B, B 0, C D, D A, 
A' B', B' C’, C D’, Ac. Then A B C D A A' D' C' B A’ is the 
pattern r^uired. 


Fra. 36. 



(78.) The dotted circles (Fig. 36) through the angular 
points of the plans of the ends show the plans of the ends of 
the frustum of the oblique cone which would envelop the 
frustum of the pyramid. From the similarity of the con¬ 
struction above to that for the pattern of a frustum of an 
oblique cone, it will ho evident that we hSve treated the 
edges of the frustum as generating lines (see b, p. 128) of the 
frustum of the oblique cone in which the frustum of the 
pyramid could be inscribed. 

Should it bo inconvenient to draw X X in conjunction with 
the plan of the pyramid draw X X quite apart, and from any 




METAL-PLATE WORK. 


151 


point 0 in it draw v V perpendicular toX X; make »» e(jnal 
to the height of the frustum and draw sex parallel to X X.* 
Make va,vb,vc,vd equal to V A, V B, V C, V D (Big. 35) 
respectively ; and make x a\ xb\ xc', xd' equal to V A', V B', 
V C, VD' (Big. 35) respectively. Join a a', bb', cr!, and dd 
hj' lines produced to moot » V' ki V', and proceed as st .tod 
above. 

Case II.—Given the dimensions of the two ends of the 
frustum, the slant of one face and its inclination (the 
slant of the face of a frustum of a pyramid is a line 
meeting its end lines and jiorpeudicnlar to them). 

Draw (Fig. 37) a lino EE" equal to the given slant, make 
the angle E" E E equal to the given inclination, and let fall 
E" E perpendicular to E E. 1 (raw A B C1) (Fig. 35), the 
plan of the largo end of the frustum, and let B11 lie the plan 
of the bottom edge of the face whose slant is given. Bisect 
BC in E and diaw EE per|.eodicnlar to BC and equal to 


Fi«. S7. 



E E' (Fig. 37). Through B' draw B' C parallel to B 0; make 
E' C and E B' each equal to half the length of the top edge 
of the BC face, through C' and B' draw CD' and B’A’ 
parallel to C D and B A; make C D' and B' A’ each equal to 
B' C; join D' A', also A A’, B B', C C, and D D'; this will 
complete the plan of the frustum. E E" (Fig. 37) is the height 
of the frustum. The remainder of the construction is now 
the same as that of Case I. 
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For large work ami wltere tlio otiils of a fruBtiim are of 
'nearly the sarue nizo, it would lie iiuainvcnient to ii8o long 
radii. For unetiual-taperiiig Iwdies which are not jiortiona 
of ohliriiie pyramids, as in I’rohh'in XVll., the method now 
given, of a modification of it, must ho used. 


PKOBLEM XVI. 

To draw, without long radii, the. patten for a frmtnm of an 
oblique pyramid. The plan of the fruium and its htitjhi 
beinij given. 

Let A B C1) D' A' B' C (Fig. 88) he tho plan of tho frustum. 
From any point E in B 0 draw E E’ jiorpcndieular to B 0 and 
B'O', tho plans of the hothim and top edges of the face BC 
B' C of tho fnistum. Draw E' E" perpondionlar to E E' and 


Fio. 38. 



equal to the height (which either is given or can he found 
as in Case II. of last prohlem), and join E E", then E E” is the 
true length of a slant of tlie hao B CB'E', of tho frustum. 
Join 1) O', and find its true length (D C") by drawing CC" 
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perpendicnlar to D C" a.ol equal to llie height of 

'7 rAB-‘:t»Vr 

trivMi height of the frustum ; join A A and AB , uien A A 

S'Ib-L "-1™ “Ctr 

Tn draw the pattern ot the lace c e w ^ 

(Bg. 3.).,..! I. be- (Fi,. 3«)...^a tW ‘ 

® VBBV.'u.rwBe BB B'C>«1 B'B' (Fij. 38) 

tivtly- join C O’ and BB'; this completes the pattern of t e 
The patterns of the other faces arc found m the 
face. P With f" IFi" and C as centres and 

following manner:—with Iv in, 


Fig. SU. 



DC" and C»(Pih^38) im r^ii 

intersecting iiiD; join CD, i ra ^ 

equal to CD’ (Fig. 38); and jom Wift ^ 

(Fig. 39) as centres and A A join DA. draw 

respectively descriho arcs in ere^ „ ^ 

1)' A' parallel to D A and ecpial to D A (P ig- h 



154 


METAL-PLATE WORK. 


to A'. Next, with B' and B as centres and A B" and B A 
(iFig. 38) respectively as radii, dosorihe arcs intersecting in A; 
join B A and draw B' A' parallel to B A and equal to B' A' 
(Fig. 88). Join A A', and this will complete the pattern 
required. 


PEOBLEM XVII. 

To draw the pattern for a hood. 

The plan of the hood is necessarily given, or else 
dimensions from which to draw it. Also the height of the 
hood, or the slant of one of its faces. The hood is here 
supposed to he a body of unequal taper with top and l)ase 
parallel, hut not a frnstuin of an oblique pyramid. 

Let A B C D A' B' C D' (Fig. 40) be the given plan of the 


Fra. 40. 



hood (a hood of three faces), AD being the ‘ wall line,’ A B 
and D 0 perpendicular to A D and B 0 parallel to it, also let 
the length of FC", a slant of face BB'C'C, be given. 
Draw O' F perpendicular to B 0 and through C draw C’C" 
perpendicular to C’F, and with F as centre and radius 





MBTAL-PLATE WOEK. 


155 


equal to the given length, describe an arc cutting C'O" 
in C". Join F C"; then C C" is the height of the hood,*' 
which we need. If the height of ihe hood is giv(ui instead 
of the length F C", make O' C" eijual to the heiglit and 
join FC", which will he the true length of Ft.. Next, 
through C' draw C B perpendicular to C U; draw C C" 
perpendicular to O' E, make C C" eqtial to the height and 
join EC". Now produce C'B' to meet AH in G; draw 
B'B" perpendicular to B’G and equal to the height, and 
join G B". 

To draw the pattern of the hood. Draw F f? (Fig. 41) 
equal to F C" (Fig. 40); through F and C draw li C and 
B' O', each perpendicular to F 0'; make F B equal to F B 
(Fig. 40); make F 0 equal to F C (Fig. 40), and C' B' equal 
to 0' B' (Fig. 40). Join B B' and C O', then B B' 0' C will he 
the pattern of tho face of which B B' C C (Fig. 40) is the 
plan. To draw the pattern of the face C D' D C i^Fig. 40). 
With O' and 0 (Fig. 41) as centres and EC".and GE 


Fig. 41. 



(Kg. 40) as radii respectively, describe arcs intersecting in E. 
Join C E and produce it, making C D equal to 0 D (Fig. 40), 
and tlirongh C' draw C D' parallel to C D and equal to C D' 
(Fig. 40). Join D D’, then O’ C D D' is tho pattern of the face 
of which O' C D D (I’ig. 40) is the plan. With B' and B as 
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centres and radii respectively equal to B" (i and B G (Fig. 40), 
>^deBeril)o arcs intorseoting in G. Join B G and prixlnce it, 
making B A equal to B A (Fig. 40), and tlirough B' draw 
B' A' parallel to B A and equal to B' A' (Fig. 40). Join A A'; 
and the jiattom for the hood is complete. 
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CHAPTER IV. 

• 

Patiebns m)B Unequal-tapewno Abtioles or Flat and 
CuiiVED Surface comuinbi>. 

Cl.ASS II. (Subdivision c.) 

From what has h(>cn stated about the plans of unequal- 
tapering hodii's and from g, p. 12i), it will lie evident that the 
curved surfaces of the articles now to bo dealt with are 
portions of fiusta of oblique c(mos. 

(79.) The advantages referred to in § 61 of looking upon 
the oblique cylinder as frustum of an oblique cone wiU 
be evident in this chapter. For there is to each of the 
problems a Case where the plan arcs of the curved portions 
of the Itody treated of have equal radii. To deal with thes* 
as problems exceptional to a geneial principle would be 
'most inconvenient. As extrqjne cases, however, of the. one 
principle that the curved portions of the bodies before us are 
portions of frusta of oblique cones, their solution presents no 
difficulty. It will be sufficient to take one such Case in 
connection with only one of the bodies. This we shall do in 
Case IV. of the next problem. 


PROBLEM XVIII. 

Tv draw the pajtern for an unequal-tapering body with top and 
base pai allel and having fiat sides and semicircular ends (an 
‘ equal-end ’ bathy for insiant‘e\ the dimensions of top and 
bottom of the body and its height being given. 

Five cases will be treated of; four in this problem and 
# one in the problem following. 
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Case 1.—Patterns when the body is to bo made up of four 
pieces. 

Draw (Fig. 42) the plan of the body (see Pi oblem VI., 
p. 130), preserving of its construction the centres 0, O' and the 
points A,'A' in which the plan lines of the sides and curves 



of the ends meet each other. .loin A A', as shown (four 
places) in the fig. The ends A1) A A' D' A' and A E A A' E' A' 
*of the body (see g, p. 129) are portions of frusta of oblique 
cones. Let ns suppose that the seams are to be at the four A 
comers where they are usually placed, and to correspond 
with the four lines A A'. Then we shall require one pattern 
for the flat sides, and another for the semicircular ends. 

To draw tlie end pattern. 

(80.) Draw A 6 D D' A' (Pig. 43) the A 6 D ])' A' portion of 
Fig, 42 separately, thus. Draw any line X X and with any 
point 0 (to correspond with 0, Fig. 42) in it as centre and 
0 D (Fig. 42) B radius describe an arc (here a quadrant) D 5 A 
equal to the arc D6 A (Pig. 42). Make DO' equij to DO' 
(Pig. 42), and with O' as centre and O' D' (Pig. 42) as radius 
describe an arc (here a quadrc.-it) D' A' equal <o the arc D' A' 
(Pig. 44). Joining A A' completes the portion of Pig. 42 
required. Now divide D A into any number of equal parts, 
here three, in the poinb h and c. From D' draw D' D" per¬ 
pendicular to, XX and equal to the given height. Then 
D, D" are, in elevation, the corresponding points of which 
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D,D' are the plans. Being oorresponding points, they are 
in one and the same generating line (§ 6h). .loin D1)" anS 
produce it indefinitely, then somewhere in that line will lie 
the elevation of the apex of the cone of a portion of which 



A h D D' A' is the plan. Now from O' draw O' 0" perpen- 
dieular to X X and equal to the given height. Then 0, 0" 
are, in elevation, the centres of the ends of the frustum in 
the same jdane that 1>, 1)" are represented in, that is in the 
plane of the paper; 0, O' being the plans of these centres. 
Join 00" and produce it indefinitely; then in this line lies 
the elevation bf the axis of the cone of a portion of which 
AiDD'A' is the plan, and necessarily therefore the elevation 
of the apex. That is, the intersection point P of these two 
lines is the elevation of the apex. -Next, from P lot fall P P' 
perpendicular to X X; then F will be the plan of the apex. 
Join D" 0". With P' as centre and P'c, P'6, and P'A suo- 
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oessively as radii, desorilie arcs cutting X X in C, B, and A,*. 
‘Join these points to P iiy lines cutting 0" B" in O', B', and A'. 

Next draw a line P D (Fig. 44) equal to P1) (Fig. 48), and 
with P as centre and P C, P B, and P A" (Fig. 43) successively 
as radii desorilie arcs cc, bh, aijd a a. With B as centre and 
radius equal Be (Fig. 43) describe arcs cutting arc cc in C 
and C right and loft of P B. With same radius and these 
points C and 0 successively as centres describe arcs cutting 
arc b!»in B and B right and left of P B. With B and B 

Fig. 44. 



successively as centres and same radius describe arcs cutting 
arc o a in A and A right and left of P B. Join the points 
C, B, and A right and left of P B to P. With P as centre 
and P B" (Fig. 43) as radius describe an arc cutting P B in 
D". With same centre, and PC' (Fig. 43) as radius, describe 
arc c’d cutting lines P C right and left of P B in C' and C. 
With same centre, and P B' (Fig. 43) as radius, describe are 
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5' b' cutting lines P B right anil left of P I) in IV and B'. 
Similarly find jioints A' and A'. Through the successive' 
points A, B, 0,1), C, B, A, draw an unbroken corvod lino. 
Also through tho suooessivo points A', B', C, ])'. O’, B', A, 
draw an nnhrokon curved line. 'Then ADAA'B'A' will 
be tho required pattern for ends of the body. 

To draw the iiatteru for tho sides. 

Through A' (Pig. 4il) draw AT perpeudieular to A'A' 
makoPti equal to the given height and join A'(J. Then 
A'(} is tho slant of tho boily at tho side. No.\t draw 
(Fig. 45) A A equal to A A (Fig. 42), and make AF equal 

Fici. 45. ' 



to AF (Fig. 42); tlirough F draw F A'perpendicular to A A 
and equal to A'(x (Fig. 42), and through A' draw A'A' 
parallel to A A. Make A' A' equal to A' A' (Fig. 42). Join 
A A', A A', then A A'A' A is tho pattern for the sides. 

Case II.—Pattern when the body is to be made up. of two 
pieces. 

We will take it that the seams arc to be at D D' and EE' 
(Fig. 42). It is evident that we want but one pattern, which 
shall include a side of the body and two half-ends. 

First draw as just explained A' A F A A' (Fig. 46) a side- 
• pattern of the body. Produce one of tho lines A A' of this 
pattern, and make A F equal to A"P (Fig. 43), With F as 
centre and P B, P C, and P D (Fig. 43) successively as radii 
describe arcs i, c, and d, and with A as centre and Ah 
(Fig. 48) as radius describe an arc cutting arc b in B. With 
same radius and B as centre describe an arc cutting arc e 
in C; similarly with G as centie and same radius 6nd 0 
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Joiu B P, C F, D F. Now with P B' (Pig. 43) as radius and 
•Fas centre describo an arc b' cuiting PB in B', and with 
P C, P D" (Pig. 43) succos-sively as radii describe arcs «' and 
d cutting P'C andP'B in C and D'. Through the points 


Fig. 46. 



A, B, C, and D draw an unbroken curved line. Also through 
the point® A', B', P', and J)' draw an unbroken curved line. 
Then A D D' A' will be a half-end pattern attached to the 
right of the side pattern. Draw the other half-end pattern 
A E E' A' in the same manner; then E P D D’ A' A' E' will be 
the complete pattern required. 

Case Ill.-Pattem when the body is to bo made up of one 
piece. 

In this case we will put the seam to correspond with D D’ 
(Fig. 42). 

FirstdrawAEAA'E’A'(Fig. 47) an end pattern of the 
body in the same manner that A D A A' D' A' (Fig. 44) was 
drawn. With A' and A (right of E E') as centres and A' G 
and AF (the smaU length AF) (Fig. 42) respectively aa 
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radii describe arcs intersecting in F; join A F and produce 
it, making A A equal to A A (Fig. 42). Through 
(extremity of FA') draw A'A' iKirallel to A A and equal ta 
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A' A' (Fig. 42). Join A A', the extremities of the lines just 
<h.'a»n, and produce it indefinitely; and mate AP equal 
A"r (Fig. 43). With 1” as centre and PB, PC, and P D 
(Fig. 43) snccoasively as radii describe ares h, c, and d, and 
with A (of A P) as centre and A h (Fig. 43) as radius describe 
an arc cutting arc h in B. With same radiiis and B as centre 
descril)e an are cutting arc e in 0, and similarly with 0 as 
centre and same radius find D. Join BP', CP', and DP'. 
N 'W with P as centre and rariii successivrrly equal to PB', 
PC', and PD" (Fig. 43) desoiibe arcs b', c', and d‘ cutting 
P B, P 0, and P' D in B', P, and D'. Thrttugh the points 
A, B, C, and D draw an unbroken curved line. Also through 
the points A', B', C, and D' draw an unbroken curved line. 
We have now in D F A A' A' D' attached to the right of the 
end irattoru we starlerl witli, a side pattern and a half-end 
pattern. By a repetition of the foregoing constructiim wo can 
attach A A D D' A' A' to the left of the end jrattem we 
started with. The figure D E D D' E' D’ will bo the complete 
pattern required. 

'Case IV.—Where the plan arcs D A, D' A' (Fig. 42) have 
erjual radii. 

This is the extreme case above (§ 79, p. 157) refened to, 
where the cone becomes cylindrical. Problem V., p. 121, may 

Fio. 48. 



advantageously be compared with the work now given. The 
arcs (Fig. 48) D A and D' A' (here quadrants) being equal 
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their radii 0 D, O' D' are alaf) equal. Through D' and O' dra-r 
D'D", and O' A" perpendicular to X X and oiicli eijual to the 
given height of the body. Join D D", A" D"; divide the uro 
D A into any number of equal parts, hero three, in the 
points b ana c; and through c, b, and A draw c C, b B, and 
A 0 each perpendicular to X X and cutting it in 0, B, and 0 
respectively. The arc D A being hero a quadrant the point 
where the line from A perpendicular to X X cuts X X is 
necessarily 0, the centre whence the arc is drawn. Through 
C, B, and 0 di aw C 0", B B", and 0 A" parallel to U D” and 
cutting A" D" in points 0", B", and A". Also through })" 
draw a line D''A' por|)ondicular to 1) D" and cutting the 
lines just drawn in O'. IV and A'. Make c 2 equal to O c ; 
B' 1 equal to B b, and A'O equal to 0 A. From 1)" through 
2,1, to O draw an unbroken curved line. 

To draw the pattern. 

Draw D D" (Fig. 49) equal to D T)" (Fig. 48) and through 
D" draw an indefinite lino A'A' perpendicular to DD". 


Fie. lit. 



Mark off on A' V, right and loft of D", D"C',C'B', and B A' 
respectively equal to the distances between D" and 2, 2 and 
1, and 1 and 0 (Fig. 48); and through C', B', and A', right 
and left of D" draw indefinite lines each parallel to D D". 
Make C' C right and left of D D" equal to O' 0 (Fig. 48); and 
make B'B light and left of DD" equal to B'B (Pig. 48). 
Also make A’ 0 right and left of D D” equal to A' 0 (Pig. 48), 
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Next make C'C" right and left of DD" equal to O'C' 
(Fig. 48). Similarly find poinle B”, A" right and left of 
DIV' by making B' B", A' A" i oBpeotively equal to B' B", and 
A' A" (Fig. 48). Through the points 0, B, 0, D, C, B, (1, 
draw an unbroken curved Ijne. Also throngli tho points 
A", B", C", D", (B", A", draw an unbroken curved line. 
Then 0 D 0 A" D" A" will bo the pattern required. 


PEOBBUM XIX. 

To draw, without long radii, the pattern for an unequal- 
tafiering body with Up and baee parallel and having flat sides 
and eqml semieircttlar ends (an ‘ equal-end ’ lath, for instance). 
The dimensions of the top and bottom of the body and its 
height being given. 

This problem is a fifth case of tho preceding, and is 
exceedingly useful whore tho work is so largo tlrat it is 
inconvenient to draw the whole of the plan, and to use long 
radii. 

To draw the pattern. 


Fiq. so. 

A E 



First draw half the plan (Fig. 50). It is evident that the 
drawing of the side pattern presents no difiSoulty, as long 
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radii are not involved. It can bo drawn as in Case 1. of 
preceding problem. Divide the quadrants D A, 1)' A', each 
into the same nnmborof 0 (iual parts, hero three, in the points 
c, b, c', h ': join c c', b b'. Through D' draw D' K porpondiculai 
to D' D and equal to the given height of the body. From 
D' along D'D mark off D'A, b'B, ani D'O respectively 
equal to A' A, b' b, and c'c; and join points D, C, B, and A to 
E, then E A, EB, E 0, and E D, will be the true lengihs of 
A' A, b' b, e! e, and D' I) respectively. Next join c D', and 
draw D'd" perpendicular to D'c and equal to the given 
height. Join cd", thou cd" may be taken as the true length 
of D'c. Similarly join be’ and Ah', and through c' and b' 
draw c' c" and b' b" perpendicular to c' b and V A respectively, 
and each equal to the given height. Join h c" and A i>", then 
b c" and A b" may be taken as the true lengths of b o' and A b' 
resjioctivoly. 

Now draw (Fig. 61) a line DD' equal to D E (Fig. 60) and 
with D' and D as centres and radii re.ipectivcly equal to d" e 
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and D c (Fig. 50) describe arcs right and left of D D', inter¬ 
secting in c and c. With c, right of D, and D' as centres, and 
radii respectively equal to C B and D' e' (Fig. 50) describe 
arcs intersecting in c', right of D'. With c, left of D, and D' 
as centres, and radii as before, describe arcs intersecting in e', 
left of D'. With successively c' and c right and left of DD', 
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AS centres and radii rcsjiectivoly equal to c" b and c b (Fig. 60) 
describe ares intersecting in b and b right and left of I) D’. 
With successively b and c' right and left of D1)' as centres and 
radii roeijcctively equal to B E and c' V (Fig. tM) descrilaj arcs 
intersociting in 6', and V right and left of I) 1)', and with suo- 
oessivcly b' and b right and left of 1) IV ns centres and radii 
respectively equal to Ah" and 5 A (Fig. 50) descrilx! arcs in¬ 
tersecting in A and A right and left of 1) D'. Similarly with 
A Band b'A' (Fig. 60) as radii and centres respectively A 
and V describe intersecting arcs to find points A' and A', right 
and left of D' D. Through the 2 ioiuts A, b, r, 1), r, 6, A draw 
an unbroken curved line. Also through the jioints A\b',c 
D',c', b', A', draw an nubrokmi curved lino. Join A A', A A', 
right and left of D D', then A1) A A' 1)' A' will bo the pattern 
required. 

The lines c c', c D', b V, &o., are not needed in the working j 
they are drawn here to aid the student by showing him how 
tire pattern corresponds with the plan, line for line of same 
Jettoring (see also § 65, p. 121). 


PROBLEM XX. 

To drawl the paltem for an oval unequal-tapering body milt lop 
and bate parallel (an oval hath, for instance). The heigM 
and dimensions of the top and bottom of the body being gvien. 

Four cases will be treated of, three in this problem, and 
one in the jiroblcm following (see also § 79, j). 157). 

Draw (Fig. 52) the )i]an of the body (see Problem VII., 
p. 131), jrreserving of its construction, the centres 0,0',P,P' 
and the several points d and d’ in which the side and end 
curves meet each other. Join d d\ as shown (four places) in 
the fig. From the plan we know (sec g, p. 129) that dGd 
d'G'd', dBddB'd', the ends of the body are like portions 
of the frustum of an oblique cone; we also know that 
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dA.dd' A’d', d'Edd! E' d', tho sides of the Iwdy are like por¬ 
tions of tho frustum of an oblique cone. 

In Plate I. (p. 181), is a representation of the oval unequal- 


Fra. 52. 



tapering body for which patterns .are required, also of two 
oblique cones (x and Z). Tho oblique cones show (except as 
to dimensions) to what portions of their surfaces the several 
portions of the surface of the oval liody correspond. Thus 
the sides, A', of the body correspond to the portion A of cone 
ffi, and the ends, B', B', correspond to the B portion cone Z. 

,. The correspondence will be more fully recognised as we 
proceed with the problem. Tho difference of obliquity 
between B' and. B is seeming only, not real; and arises simply 
from Z being turned round so that the whole of tho dBdd' 
B' d! (Fig. 62) of the cone shall bo seen. If tho representation 
of Z showed its full obliquity, then the line on it from l)ase 
to apex would be the right-hand side line of the cone, and 
only half of the B portion could be seen. 
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Case I.—Patterns when the body is to he made np of 
four pieces. 

It is clear that wo require two patterns; one for the two 
ends, and one for tiie two sides; also that the seams stionld 
correspond with the four lines dji, where the portions of the 
respective frusta meet each other. 

To draw tho jiattern for the ends. 

Draw separately (Fig. 53) tho (i'G/d d' portion of Fig. 52, 
thus. Draw any line XX, Fig. 58, and with any point 0 
(colTO.sponding to 0, Fig. 52) in it as centre and 0 0 (Fig. 62) 
as radius, dcscriho an arc (J d equal to G d of Fig. 52. Make 
G 0' equal to G O' (Fig. 52), and with O' as centre and O' G' 
(Pig. 52) as radiu- deserihe an arc G'd' equal toG'd' of 
Fig. 52. Joining d d' completes the jmrtion of Fig. 52 required. 
Now divide tho arc G d into any nnniher of equal parts, here 
three, in the points / and e. At G' and O' draw G'G", O'O" 
perpendicular to XX, and each equal to the given height of 
the body. Join 0 0", G Q"; produce them to their iubwseotion 
in S (§ 80, p. 158); and from S let fall S 8' perpendicular to 
XX. Join 0"G". With 8' as centre and S'/, S'e, and S'd 
snccossivoly as radii, describe afts cutting X X in P, B, and D. 
Join these points to S bylines cutting 0" G" in F', E', and D'. 

Next draw S G (Pig. 64) equal to S G (Pig. 53), and with 
8 as centre and S F, S E, and 8 D (Pig. 53) successively as 
radii describe arcs //, «c, and dd. With G as centre and 
radius equal to G/ (Fig. 53) describe arcs cutting arc // 
right and left of S G in P and F. With each of these points, 
F and P as centre and same radius describe arcs cutting arc 
« e right and left of 8 G in E and E. With same radius and 
each of the last-obtained points as centre desorilto arcs cutting 
dd light and left of 8G in D and D. Join all tho points 
right and left of SG to 8. With 8 as centre and SG" 
(Fig. 53) as radius, describe an arc cutting 8 G in G'. With 
same centre and SF' (Fig. 53) as radius, describe an arc// 
cutting tho lines SF right and left of 8G in F' and F'. 
With same centre and SE' (Fig. 53) as radius, describe an 
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arc «' e' cutting tlie lines S 1*1 right ami left of S G in E' and E'. 
Similarly hy arc d'd' obtain points D' and D’. Through the 
points D, E, E, (i, P, E, D, draw an iiuhrakcn curved lino. 
Also through points D', E', F', G', F', E', D', draw an unbroken 
curved line. Then D G D D' G' D' will ho the required pattern 
for the ends of the Iwdy. It is in fact tlio dovelopuient of 
the B portion of cone Z of Plato I. 

To draw the pattern for the sides. 

Draw separately (Fig. .')6) the A' A 6dd' jwrtionof Fig. 62, 
thus. Draw any line X X, Fig. .'iS. and with any point P 


Fig. 55. 



(corresponding to P, Fig 52) in it as centre and P A (Fig. 62) 
as radius, describe an arc A d equal to A d of Fig. 62. Make 
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AP' equal to A P' (Fig. rj2) and witli P' as centre and P A 
(Fig. 52) as radius describe an arc K'd' wjual to A'dP of 
Pig. 52. Joining d d'c<uu|iletes the portion of Fig. 52 ro<[iiired. 
Now divide the arc A d into any number of equal jjarts, boro 
three, in the points h and c. At A' and P' draw A' A", P' P" 
perpendicular to X X, and .each equal to the given height 
of tlie body Join PP", A A”, produce them to tlnsir inter - 
section in Q (§ 80, j). 158); and from Q let fall Q Q' perpen¬ 
dicular to XX. Draw a line through P"A''. With Q'as 
centre and Q' 5, Q' o, and Q'd succ ssively as radii dcscribo 
arcs cutting X X in D, 0, and D. Join these points to Q by 
lines cutting that through P" A", in B', C, and D'. 

Next draw Q A (Fig. 56) equal to Q A (Fig. 55), and with 
Q as centre and Q B, Q C, and Q D (Fig. 55) successively as 


Fid. 5(1. 



radii describe arcs 55, cc, and dd. With A as centre and 
radius equal to A 5 (Pig. 65) describe arcs cutting arc 5 5 
right and left of Q A in B and B, With each of these points 
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B and B as centre and same radius describe ares cutting; arc 
c c right and left of Q A in 0 and C. Witli same radius and 
each of the last-named points as centre describe .arcs cutting 
arc (id right and left of Q A in 1) and D. .Join all the points 
right and left of QA to Q. With Q as centre .and QA" 
(Fig. 55j as radius, describe an arc cutting Q A in A'. With 
same centre, and Q 11' (Fig. .'>5) as radius, describe an arc b'b 
cutting th(i linos 11 right and left of Q A in B' and B'. 
With same centre and Q O' (Fig. h.'i) as radius, descrilsi arc 
c' c' cutting the lines Q C right and left of Q A in O' and C. 
SimiJirly by arc d'd' obtain points D' and D'. Through the 
points D, C, B, A, 11, 0, 1), dr.iw an unbroken curved line. 
Also through the points IC, B', A', II', C, IV, draw an un¬ 
broken curved lino. Then B A D D' A' D' will be the recpiired 
pattern for the sides of the body, and is in fact the dovolop- 
rnent of the A portion of cone x of Plato I. 

Case II —Pattern when the body is to bo made up of two 
pieces. 

In this case the seams are usually made to correspond with 
BB' and G G' (Fig. 52). It is evident that only one pattern 
is now required, mtule up of a pattern for the side A' ol the 
body (Plate I.) with right and left a half-end (B', B', Plate I.) 
pattern attadicd. 

Draw (Fig. 57) a side pattern D ADD'A'D' as described 
in Case I. Pnxluce D Q and make D S c(iual to D S (Fig. 53). 
With S as centre and S E, S F, andS 6 (Fig. 53)successively 
as radii descrilm arcs e, /, and g, and with D as centre and 
d e (Fig. 63) as radius describe an arc cutting arc e in E. 
With same radius and E as centre describe an arc cutting 
arc / in P, and similarly with P as centre and same i-adius 
find 6 Join ES, PS, GS. Now with SE' (Fig. 63) as 
radius and 8 as centre describe an arc e' cutting S E in E', 
and with S P' and S G" (Fig. 53) successively as radii describe 
arcs /' and g' cutting S P and S G in P' and O'. From points 
D to G draw an unbroken curved line. Also from points D' 
to G' draw an unbroken curved line. Draw the other half end 
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pattern T) B B' D' in the same manner ; then G A B B' A' G' 
will be the pattern re(piired. 

Cask III.—Pattern when the body is to he made up of one 
pieeo. 

Wo will jrat the seams at tlip middle of one end of the 
hody, say, to conespond with B B' (Fig. 52). We now need 
an end pattern (the end d G d d' G' d' in plan), with side 
pattern attaehed riglit and loft (dEdd'Kd', dAdd'A'd! 
in plan), and attaehed to caeh of these a half-end pattern 
(dS B'd', d 1! B'd' in plan). For want of space we do not 
give the pattern, hut it is evident from what has just been 
stated, that the pattern will he double that shown in Fig. 67. 
It will bo a useful exercise and should present no difficulties 
to the student, to himself draw the complete pattern, first 
drawing an end jiatteru (see Case 1. and Fig. 54) and attaching 
right and left, a side pattern and a half-end pattern. 


PROBLEM XXL 

To draw, without long radii, lie pattern fur <m oval mietjual- 
taperimj hody, with top and tase parallel («» oval bath, for 
instance). Tiro heiijht and the dimensions of the top and 
bottom of the body being given. 

This problem is a fourth case of the preceding, and will be 
found very useful for both the end and side patterns, the 
radii of which are often of a most inconvenient length. 

To draw the end pattern. 

First draw (Fig. 68) the plan of the end of the hody; that 
is the dGdd'Q d' {xirtion of Fig. 52. Divide the arcs G d, 
fi'd' each into the same numhor of (cpial parts, here three, in 
pe points f,e,f',e'-, join //', ee'. Through G dnw GH 
Berpondicular to G G' and equal to the given height of the 
body. B’rom G alqjig G G' mark off G F", G E, and G D ro- 
speotively equal to //', e e', and d d'; join G', F, E and D to II; 
then G'H, FH, EH, ami DH will be the tine lengths of 
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G6'. ff, ee\ and dd' reRpectivoly. Next join /G'; draw 
Gy" perpendicular to/G' and equal to the given height and 
jiMi /ff"; then f(f may be taken as tlio true length of G'/. 
Similarly join ef, d e\ and through f and e' draw ff and 


Fio. 58. 
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e’e" per^ndicular to/'e and dd respectively, and each equal 
to the given height, and join e/"and dc"; then ef and de" 
may be taken as the true lengths of ef and d e' respectively. 

Next draw (Fig. 69) a Uno G G' equal to G' H (Fig. 68) 
and with G' and G as centres and radii respectively equal to 
/ff" and G/ (Fig. 68) describe arcs right and left of GG', 
intersecting in / and /. With / right of G, and G' as centres,’ 
and radii respectively equal to F IT and G'f (Fig. 58) describe 
arcs intersecting in /, right of G'. With / left of G, and G' 
as centres, and radii respectively as before, describe ares 
intersecting in /, left of G'. With successively / and f right 
and left of G G', as centres and radii respectively equal to 
ef and / e (Fig. 58) describe arcs intersecting in e and e. 
With successively e and / right and left of G'G as centres 
and radii respectively equal to B H and / e' (Fig. 68) describe 
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aroB intorsecting in e' and «'; and with sucoeBaivoly e' and e 
right and loft of (J Or' as contves, and radii rospootively eqnal 
tode” and ed describe ijrcs intorsecting in d and d. Also 
with gnccessivcly d and e' as centres and 1) II and e'ef re¬ 
spectively as ladii describe arcs imersecting in u and d'. 

Fm fl9. 



Through d, e, f, 6/, c, d, draw an unbroken curved lino. 
Also through d', G',/', 4 ', draw an unhioken curved 

line. Join d d', right and loft of G G', then d G d d' G'd' will 
he the end pattern required. 

The lines ff, e e', G'/, fe, Ac., are not needed in the work¬ 
ing, they are drawn for the reason stated in § 65, p. 121. 

To draw the side jiattorn. 

First draw (Fig. 60) the plan of the side of the body ; that 
is the d Ad d' A'd' portion of Fig. 52. l)ivido the arcs A d, 
A'd' each into the same number of equal parts, here three, 
in the points 6, c, h\ d ; join h cc'. Through A draw A E 
perpendicular to A A' and equal to the given height of the 
body. From A along A A' mark off A B, A C, and A D re¬ 
spectively equal to 65', ad, and dd'. Join A', B, C and D 
to E; then A' B, B E, C E, and D E will be the true lengths 
of A A', 5 h\ c d, and d d' respectively. Next join h’ A and 
draw h' V perpendicular to 6' A and equal to the given height. 
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Join A V ; then A h" may he taken as the tmo lenj^th A V. 
Similarly join c'h and d'c; through c’ and d’ draw c'e", and 
d d [lerjmndicular to c'h and d'c respectively, and each 
equal to the given height; join hc", crf", tlnr, be" and c(l" 
may be taken as the true lengths of 6 and c d' respectively. 


Fiq. 60 



Next draw (Fig. 61) a line A A' equal to A'E (Fig. 60) 
and with A and A' as centres and radii respectively equal to 
Ah" and A'V (Fig. 60) describe arcs right and left of A A', 
intersecting in V and ¥. With V, right of A', and A as 
centres, and radii respectively equal to B E and A b (Fig. 60) 
describe arcs intersecting in h, right of A. With V, loft of 
A', and A as centre-, and radii respectively as before, describe 
arcs intersecting in b left of A. With successively b and b' 
right and loft of A A' as centres, and radii respectively equal 
to h c" and b' c' (Fig. 60) describe arcs intersecting in e' and c'. 
With successively c' and b right and left of A A' as centres, and 
radii respectively equal to C E and b c (Fig. 60) describe arcs 
intersecting in c and e j and with successively e and d right 
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md left of A A' as centres, and radii respectively equal to c d” 
kud c'd' (Fig. 6 . 1 ) describe arcs intersecting in d' and d'. 
Wso with successively d' and c. right and left of A A' as 
jentres, and D IS and c, d respectively as radii describe arcs 


Fig. ta. 



intersecting in d and d. Tbrough d, c, h, A, b, e, d, draw an 
unbroken curved line. Also through d', c', b', A h', e', d', 
draw an unbroken curved lino. Join dd', light and left of 
A A'; then dAdd' A'd' will be the side (lattern required. 

The remark about lines //', ee', &o., in (end pattern) 
Fig. 69, applies to lines c c', b V, i c\ &c., in the prelent pattern. 

PROBLEM XXn. 

To draw the pattern for a tapering body with top and base 
parallel, and having cirmlar top and oblong bottom with 
semicircular ends (tea-lsittle top, for instance), the dimensions 
of the top and bottom of the body and its height being given. 

Four cases will be treated of; three in this problem and 
one in the problem following (see also § 79, p. 157). 

Case I.—Pattern when the body is to be made up of four 
pieces. 

Diaw (Fig. 62) tlie plan of the body (see Problem VIII., 
p. 132) preserving of its construction the centres 0, O'; the 
points 6 in plan of bottom where the extremities of the plan 


184 


MBTAIrELATE WOBK. 


linefi of the sides meet the extremities of the plan semicircles of 
the ends; and the jsnnts b' in ])lan of top where the sides and 
ends meet in plan. Join V h at the four corneis. The ends 
bUhV IV b', and b H b b' 1? b' of the body (see ff, p. 12!)), are 
portions of frusta of ohliqno cones. Makitjg tho body in four 
pieces it will be liest that the seams sliall correspond with 
the lines A b', 15 B', D if, and E E', then one pattern only, 
consisting of a half-end with a hali-sidc pattern attached, 
will be required. 
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To draw the pattern. 

Draw separately E' E d 6 b' (Fig. 63), the E' E d J F portion 
of Fig. 62, thus. Draw any lino X X and with any point 0 
(to correspond withO, Fig. 62) in it as centre and 0 E(Fig. 62) 
as radius doscritie an arc (hero a quadrant) Ed6, equal 
to E d 6 of Fig. 62. Make E O' equal to E O' (Pig. 62), and 
with O' as centre and O' E' (Fig. 62) as radius describe an 
arc (hero a quadrant) E' b' equal to E' b' of Fig. 62. Joining 
b V completes the portion of Pig. 62 reqtiired. Now divide 
Eh into any number of equal parts, here throe, in the points; 
d and e. From E' and 0' draw E' E", O' 0" perpendicular to 
X X and each equal to the given height of the body. Join 
E E". 00"; produce them to intersect in P (§ 80, p. 168); from 
P let fall P I" perpendicular to X X, and join E" 0". With F 
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as centre anil P' d, P' e. ami P' h snoccKsivoly as radii desorilie 
arcs cutting XX in D, C, and B. Join these points to P by 
lines cutting 0" E" in D', O', and B' 


Pia. 68. 



Next draw (Pig. 64) a line P E equal to P E (Pig. 63), and 
with P as centre, and 1? D, P C, and P B (Pig. 63) successively 
as radii describe arcs d, c, and h. With E as centre and 
radius equal to Ed (Pig. 63) describe an arc cutting arc d in 
D. With same radius and D as centre describe an arc cutting 
are c in C, and with 0 as centre and same radius describe an 
arc cutting arc h in B. Join the points D, C and B to P. 
With P as centre and PE" (Fig. 63) as radius describe an 
arc «' cutting P E in E'. With same centre and P1)' (Pig. 63) 
as radius describe arc d' cutting P D in D'. Similarly 
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with same centre and P C and P B' (Fig. 63) snccessively as 
radii find points (!' and li'. Through V (Fig. 62)'draw V H 
porpendicular to !>'l) and equal to the given height, and 
join D H, then DII will ho the true length of tho lino of 
which V D is the plan, that is, will he tho length of a slant 
of the body at tho middle of the side, where one of tho seams 
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will come. With B' and B (Fig. 64) as centres and radii 
respectively equal to DH and !iA (Pig. 62) describe arcs 
intersecting in A. Through tho points E, D, C, and B draw 
an unbroken curved line. Also through the points E', D', C, 
and B' draw an unbroken curved line. Join B A, A B' j then 
E C A B' E' will he the pattern required. 
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Case II.—Pattern when the h«1y is to be made up of two 
picees. 

We will Riii)poso the Beams are to correspond with the lines 
BB' and KB'. It is evident that here we need but one 
pattern only, which will combiinja side of the bmiy and two 
half-ends, in fact will bo double that of Fi;;. 64. 

First draw B B' B' B (Fig. 65) a half-end pattern exactly as 
the half-end pattern KK'B'B in Fig. 64 is drawn, and with 
B' as centre and B' B as radius and B as centre and b h 
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(Fig. 62) as radius, describe ares intersecting in F. Join 
BF, FB’; and produce F B’indefinitely. Make FI” equal 
to PB (Fig. 63), and with P' as centre and PC, PK and 
P E (Fig. fiSi successively as radii describe arcs c, d, and e. 
With F as centre and b c (Fig. 63) as radius describe an arc 
butting are c in 0, and with C a.s centre and same radius 
describe an arc cutting arc d in I). With same rmlins and 
D as centre describe an arc ctitting arc e in E. Join 
CP, DP, BP. Now with P as centre and PC' (Fig. 63) 
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as radins describe an are c' cutting F C in C', and with same 
centre and P D', P E" (Pig. 63) successively as radii describe 
arcs d' and c' rosjiectively cutting F D and FE in D' and E'. 
Through P, C, I), and E draw an unbroken curved line. 
Also through B', C, I)', and E' draw an unbroken curved line. 
Tben B B P E E' B' B' will bo the complete pattern required. 

Case III.—Pattern when the body is to be made up of one piece. 

In this case we will put. the seam to correspond with BB' 
(Fig. 62). We now need an end pattern (the end J E 5 P E' P 
in ])lan), with right and hPt a side pattern attached (i AiP, 
6 DPP in plan), and joined to each of thase, a half-end 
pattern (b 5' B' B, P P B' B in plan). 

Pirst draw Fig. 63; then draw (Fig. 66) PE equal to PE 
(Fig. 63) and with P as centre and PD, PC and PB 
(Fig. 63) successively as rad;: describe arcs dd,ce, and P P. 
With E as centre and radius equal to E d (Fig. 63) describe 
arcs cutting arc <1 d right and loft of P E in D and D. With 
points, D,I), successively as centres and same radius describe 
arcs cutting arc cc right and loft of PE in C and C; 
and with .same radius and the last found points as centres 
describe arcs cutting arc P P right and left of P E in B and B. 
Join all the points found to P. With P as centre and 
P E" (Fig. 63) as radius describe an arc cutting P E in E'. 
With same centre and P D' (Fig. 63) as radius describe an 
arc d'd cutting lines PD right and left of PE in D' and 
D'. With same centre and PC' (Pig. 63) as radius describe 
an arc e'e' cutting lines PC right and left of PE in 
C and C. Similarly by arc b'b’ find jwints B' and B'. 
Through B, 0, D, E, D, 0, B, draw an unbroken curved line. 
Also through B', C, D', E', D', O', B', draw an unbroken 
curved line. This gives us BEBB'E'B' a complete end 
pattern. Now with B' on the right-hand side of the 
end pattern as centre and B' B as radius, and B as centre and 
PP (Fig. 62) as radius describe arcs intersecting in F. Join 
B F, F B'; produce F B' indefinitely, and to F B' attach the 
half-end pattern F E E' B’ in precisely the same manner that 
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PEE'B' the half-ond pattern in Pig. 66 is attached to 
the side pattern B P B'. By a repetition of the foregoing 
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I’ROBLEM XXIII. 

R) draw, without long radii, the paliem for a taperinj My 
with top and haae parallel, and havimj circular top ami oblong 
bottom with semicircular ends. The dimensions of the top and 
bottom of tire body and its height being given. 

This problem is a fourth case of the preceding, and is 
■needingly nsefnl where the work is so large that it is 
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inconvenient to draw the whole of the plan, and to use long 
radii. 

To draw the pattern (with the hody in four pieces, as in 
Case 1. of preceding problem). 

(81.) Diaw (Fig. G7) E' E 6 A 6' one ipiarter of the plan of 
the body. Divide the quadiiuts E b, E' 6', each into the same 
number of equal parts, here three, iu the points d, c, d', c'; 



join d d', e. c'. Through E' draw E' F perpendicular to E' E 
and equal to the given height of the body. From E' along 
E'E mark off E D, E C, and E'B respectively equal to dd’, 
e c'. and hV; and join E F, D F, C F, and B F; then E F, 
D F, C F, and B F will be the true lengths of E E', d d', c c', 
and b V respectively. Next join d E', and draw E’ c" perpen¬ 
dicular to it and equal to the given height, and join de "; then 
de" may lio taken as the true length of d E'. Also join c<f 
and b c '; through d’ and c' draw d’d" and c’ e" perpendicular to 
c d' and b c' respectively, and each equal to the given height, 
and join c d" and b c"; then c d" and b <•" may bo taken as the 
true lengths of d e and e' b respectively. Through V draw 
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b' b" perpendicular to b' A and equal to the given height, and 
join A b", theu A b" will bo the true length of h' A. 

Next draw (Fig. 08) E E' oqiial (o E F (Fig. 67), and with 
E' and E as centres and radii respectively equal to d e" and 
E d (Fig. 07) describe arcs intersecting in d, and with d and 
E' as centre and radii respootiwly equal to DF and E'd' 
(Fig. 67) describe arcs intersecting in d'. W ith d’ and d as 
centres and radii respectively equal to c d" and d c (Fig. 67) 
describe arcs intersecting in c, and with c and d' as centres 
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and radii respectively equal to C F and d'c'(Fig. 67) describe 
arcs intersecting in c'. With c'and c as centres and radii 
respectively equal to be" and cb (Fig. 67) d scribe arcs 
intersecting in b. Similarly with b and c' as centres 
and radii respectively equal to B F and c’ b' (Fig. 67) describe 
arcs intersecting in b'. With b’ and b as centres and radii 
respectively equal to b" A and b A (Fig. 67) describe arcs 
intersecting in A. Through E, d, c, b, draw an unbroken 
onrved lino. Also through E', d', c', h', draw an unbroken curved 
line. Join F A, 5 A; then E c A 6' c' E' is the pattern required. 

(82.) The lines dd', cc', dB', &c., are drawn in Fig. 68 
simply to show the position that the lines which correspond 
to them in Fig. 67 (d d', c c', d E', &o.) take upon the developed 
surface of the tapering body. 
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PEOBLEM XXIY. 

To draw the pallem for a tapering body with top and hate 
parallel, and having an oval bottom and lircular top {oval 
eanigter Up, for instani e). The height and dimamom of the 
top and bottom of the body being given. 

Again four caaoB will be treated of; three in this problem 
and one in the problem following (see also § 7'J, p. 157). ■ 
Draw (Pig. C9) the plan of the body (see Problem IX.. 
p. 132), preserving of its construction the centres 0, O', P, P, 
and the four points (d) wheio the end and side curves of the 
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plan of the bottom moot one another,lalso the points A'E' where 
tlie axis A E cuts the circular top. Join d A' (two places) and 
d E' (two places). Prom the plan wo know (see g, p. 139) 
that dGdA’ O' E', d B d A' B' E', the ends of the body, are like 
portions of the frustum of an oblique cone; we also know 
that d A d A', d E d E', the sides of the body, are like portione 
of the f I ustum of an oblique cone. 
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(83.) It is ovident that in this ^irohlem the arcs dGrd, 
E'G'A' and tZBd, E'B'A' are, noitlier pair, proiiortional 
(§ 67, p. 124). We have hitherto in rrohloms XV^III., XX., 
and XXII. I)COn dealing with pi oi>ortioual ares. The work¬ 
ing will therefore differ, though hnt slightly, from that of 
problems mentioned. 

In Plate II. (p. 203) is a representation of the tapering body 
for wliich patterns are reijuired, also of two obliipie cones 
(* and Z). The oblique cones show to what portions of 
their surfaces the several portions of the tapering body 
correspond. Thus tlie sides, B', of the body correspond to 
the B portion of cone Z, and the ends. A', correspond to the 
portion A of cone a. The corrospoiidunco will bo more fully 
recognised as wo proceed with the problem. 

Case I.—Pattern when the body is to bo made up of four 
pieces. 

We will suppose the seams are to correspond, with the 
plan lines G G', B B', A A', E E', of ends and sides, as in 
Problem XXII. I'hon one pattern only, consisting of a 
half-end pattern, wilh, attached, a half-side pattern will be 
required. 

To draw the pattern. 

Draw (Pig. 70) sojiarately G' G/d A' the G' (if d A' portion 
of Fig. 69, thus. Draw any line X X and with any point O 
in it (corresponding to 0, Fig. 69) as centre and OG 
(Fig. 69) as radius dosoribo an arc Gd, equal to Gd of 
Fig. 69. Make G O' equal to G O' (Fig. 69), and with O' as 
centre and O'G' (Fig. 69) as radius describe an arc G'A' 
equal to G' A' of Fig. 69. Joining d A' completes the portion 
of Fig. 69 required Now divide Gd into any number of 
equal parts, here three, in the points / and e. From G' and 
O' draw G' G", O' 0" perpendicular to X X and each equal to 
the given bright of the body. Join GG", 0 0'; produce 
them to intersect in S (§ 80, p. 158); from S let fall SS' per¬ 
pendicular to XX, and join 0"G". Now join d to S', by a 
line catting arc G'A' in d', then (§ 68, p. 121, and d, p. 126) 
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d' and d are corresponding points and (§ 67, p. 124) the 
arcs Gd, G'd'are proportional; GG'd'd is the plan of a 
portion of an obli(juo-oone frustum, lying between the same 
generating linos, and d d' A' is plan of a i>ortion of the same 
frustum “outside the generating line S' d. With S’ as centre 
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and S'/, S'e, and S'd successively as radii describe arcs 
cutting X X in F, E, and D; join these points to 8 by lines 
cutting 0"G'' in F', E', and D'. With S' as centre and 
radius the distance between S' and A' describe an arc A' A 
cutting X X in A; from A draw A A" perpendicular to X X 
and cutting 0" G" in A", and join A" S. 

Next draw any line XX (Fig. 71) and with any point P 
in it Corresponding to P, Fig. 69) as centre and radius PA 
(the radius of are d A d, Pig. 69) describe an arc A d equal to 
Ad of Fig. 69. Make A A' and AO' respectively equal to 
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A A' and AO' (Fig. 69). Divide Ad into any nuinijer of 
equal parts, hero three, in the ix>ints h and c. From A and 
O' draw A'A", O' 0" perpendicular to XX and each equal tcj 
the given height of the body. Join A A", PO"; produce 
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them to intersifct in Q (§ 80, p. 168); from Q let fall Q Q per¬ 
pendicular to XX, and join 0"A". With Q' as centre and 
Q' b, Q' c, and Q'd Buccessively as radii descrilx) arcs cutting 
X X in B, C, and D, and join these points to Q. 

Next draw (Pig. 72) a line S G equal to S G (.Fig. 70) and 
with S as centre and S F, S E, and S D (Fig. 70) successively 
as radii describe arcs /, e, and d. With G as centre and 
radius equal to G/ (Pig. 70) describe an arc cutting arc / in 
F. With same radius and F as centre describe an arc cutting 
arc e in E, and with E as centre and same radius describe an 
arc cutting arc d in D. Join the points F, E, and D to S. 
With S as centre and 8 G" (Pig. 70) as radius describe an 
arc ^ cutting 8 G in G'. With same centre and S F' (Fig. 70) 
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as radius describe arc /' cutting 8 F in F. With same centre 
and S E' (Fig. 70) as radius describe an arc e' cutting 8 E in 
E', and with same centre and SD’ (Fig. 70) as radius describe 
arc d' cutting S D inD’. With same centre and 8 A" (Fig. 70) 
as radius describe arc o', and with D' as centre and radius d’ A! 
(Fig. 70) describe an arc intersecting arc o' in A'. Make 
DQ equal to DQ(Fig. 71) and with Q as centre and QC, 
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Q B, and Q A (Fig. 71) successively as radii describe arcs e, 6, 
and a. With D as centre and d c (Fig. 71) as radii describe an 
arc cutting arc c in C, and with C as centre and same radius 
describe an arc cutting arc b in B. 8imiiarly with samb 
radius and B as centre find point A. Juin AA'. Througlh 
the points G, F, E, D, C, B, A draw an unbroken ou#ved 
line. Also through the points G', F, E', D', A' draw an ua- 
broken curved lino. Then GDAA'E'G' is the pattefi 
required. 
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Cask II.—Pattern when the body is to be made up of two 
pieces. 

We will suppose the s(iams are to correspond with the lines- 
GG' and BB'. It is evident that here we need but one 
pattern only, which will combine a side of the body'aud two 
half-ends, in fact will be double that, of Fig. 72. 

First draw B DA'B’ (Fig. 73) a half-end irnttem exactly 
as the half-end pattern GD A'G' in Fig. 72 is drawn, and 
make DQ equal to DQ (Fig. 71). \^ith Q as centre and 
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QC, QB, and QA (Fig. 71) successively as radii describe 
area dd, r.% 6 6, and act* With D as centre and radius equal 
to dc (Pig. 71) describe an arc cutting arc ce in C, and with 
rame radius and 0 as centre describe arc cutting arc hb in B. 
With B as centre and same radius describe an arc cutting arc 
d in A, and with same radius and A as centre describe an 
ait), cutting arc 5 b in B. Similarly with same radius and 
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points B and C, to the right of A, snocessively as centres find 
points C and D. Join D Q and prodnee it indefinitely; make 
D S' equal to S D (Fig. 70). With S' as oentie and 8 E, S F, 
and S G {Fig. 70) s'lceessivcly as radii describe arcs e,f, and 
g, and rfith U as centre and A e (Fig. 70) as radius describe 
an arc cutting arc e in E. dVith same radius and E as centre 
describe an arc cutting arc / in F. Similarly with F as 
centre and same radius find point G. Join the points E, F, 
and G to S'. Witli S' as centre and S U' (Fig. 70) doscrihe 
arc d' cutting S' E in E'. With same centre and SE' (Fig. 
70) as radius describe arc c' cutting S' E in E'. Similarly 
with same centre and S F' and SG" (Fig. 70) successively as 
radii find points F' and G'. Through the points D, C, B, A, 
B, 0, D, E, F, G, draw an unbroken curved line. Also 
through points A', B', E', F', G' draw an unbroken curved 
line. Then B A G G' A B' is the complete pattern required. 

Case 111.—Pattern when the body is to be made up of one 
piece. 

In this case wo will put the seam to correspond with G G 
(Fig. 69). We now need an end jiattorn (the end d B d A 
B' E' in plan), with right and left a side pattern attached 
(d A d A', d E d E' in plan), and joined to each of these a half 
end pattern (d A' G' G, d E' G' G in plan). 

First draw Figs. 70 and 71; then draw' (Fig. 74) SG equal 
to S G (Fig. 70), and with S as centre and S F, S E, and S D 
(Fig. 70) successively as radii describe arcs//, ee, and id. 
With G as Centro and radius G/describe arcs cutting arc// 
right and left of S G in F and F. With points F, F. succes¬ 
sively as centres and same radius describe arcs cutting arc ee 
right and left of S 0 in E and E, and with same radius, 
and the last found points as centres describe arcs cutting 
arc d d right and left of S G in D and D. Join all the points 
found to S. With S as centre and S G" (Fig. 70) as radius 
describe an arc cutting SG in G'. With same centre and 
S F' (Fig. 70) as radius describe an arc /'/' cutting lines 
SF right and left of SG in F' and F'. With same centre 
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and S E' (Pig. 70) describe an arc e' e' cutting lines S E 
right and left of S G in E' and E', and with same centre and 
S D' (Pig. 70) as radius describe are d’d' cutting linos S I) 
right and left of S G in D' and D'. With S as centre and D' 
right and left of S G as centres and radii respectively equal 
to SA" and d'A' (Pig. 70) describe arcs intersecting in A' 
and E'. Through D, E, P, G, P, E, D, draw an unbroken 
curved line. Also through E', D', E', P', G', P', E', D', A', draw 
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an unbroken curved line, and join D E', D A'. This gives us 
D G D A' G’ E' a complete end pattern. Now attach the side 
pattern D A D A' and the halfend pattern D G G' A' to the 
right and left of the complete end pattern we started with, 
in precisely the same manner that the side pattern D A I) A’ 
and half-end pattern D G G' A' in Fig. 73 is attached to D A', 
which corresponds to D A' in Pig. 74. This will complete 
6 B 6 A G G' G' G' the pattern required. 
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PROBLEM XXV. 

To dram, without long radii, Ih pattern for a tapering body 
noth lop and bate parallel, and bailing an oval bottom and 
circular top. The height and dimentions of the top and bate 
of the body being given. ' 

Tills prohlem is a fourth case of the preceding, and is 
exceedingly useful where the work is so large that it is 
inconvenient to draw the whole of the plan, and to use long 
radii. 

To draw the pattern (with the hody in four pieces, as in^ 
Case I. of preceding problem). 

(84.) Draw (Fig. 75) I dh A A'd'E'one quarterof theiplan 
of the body. Join c (the point where the end and side curves 
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of the plan of the bottom meet) to A', the extremity of-tite 
quadrant E A'. We must now got at corresponding points to 
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the arcs E c, E' A'. To do this, as the arcs are not propor¬ 
tional (§ 67), we must find the plan of the apex of the 
ohlique oone of a portion of whioli E c A' E' is the plan. It 
is in the finding of those j)oinfs that onr present working 
differs from the working of Problems XIX., XXI.,XXIII.,and 
XXVII., where the corresponding points d d', c«' (Pigs. 50,68, 
60, and 82) are found. With radius 0 E jOTdnoe are E c inde¬ 
finitely, and through 0 draw OQ pcrjK'ndioiiliir to B'E and 
cutting E e produced in Q. Then E Q is a quadrant, and E Q, 
E' A' (each a quadrant) are proportional. In Q and A therefore 
we have conesponding points (§ 68), as well as in E and E', 
which are points on the longest generating lino (5, p. 126); and 
the intersection of 00' produced, of which E E' is part, and 
Q A'joined and produced will give us V, the requir. d j.lan 
of the apex. Next<livide E c into any numlwr of equal parts, 
here two, in point d. Join d V, c V cutting E' A' in d' and c', 
respectively (the lines from d and c are not carrii^d to V in 
the fig.), then d and d', c and c' arc corresponding jioints. 

Next through E' draw E'E periKindionlar to B'E and 
equal to the given height; from E' along E'E mark off 
E'D, B'C, respectively equal to dd'and cc', and join EE, 
DP, and CP; then EP, DP and CE’ will he the true 
lengths of E E', d d', and c c'. Join E d' and d c'; through d' 
and c' draw d'd" and c' c" perpendicular to d’ E and c'd re¬ 
spectively, and each equal to the given height, and join 
Ed", d«"; then Ed" and dc" may be taken respectively as 
the true lengths of d'E and c'd. Now divide arc Ac into 
any number of equal par's, hero two, in the point b, and join 
6 A'; through A'draw three lines A'A"; one perpendicular 
toA'c, the second perpendicular to A'5, and the third per¬ 
pendicular to A' A, and each equal to the given height, and 
join cA", 6 A", and A A"; then cA", 5 A", and A A" may he 
taken as the true lengths of A' c, A' 6, and A' A n spoctively. 

Next draw (Pig. 76) B E' equal to EF (Pig. 7.5), and with 
E tihd E' asxentres and radii respectively equal to E d" and 
S' (?^Fig. 76 , de-cribe arcs intei sooting in d', and with d' and 
E as centres and radii rosjtoctfuUy equal to D F and E d 
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(Pig. 76) describe arcs intersecting in d. With d and if as 
centres and radii respectively equal to d c" and (f o' (Pig. 76) 
describe arcs intersecting in c', and with o' and d as centres 
and radii respectively erjual to CP and dc (Pig. 75) de- ^ 
scribe ara intersecting it. c. With c and c’ as centres and 
radii respectively equal to c‘A''and c'A' (Pig. 75') describe 

Fio. 76. 
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arcs intersecting in A', and with A' and c as centres and radii 
6 A” and eb (Pig. 76) describe arcs intersecting in b. Simi¬ 
larly with A' and b as centres and radii respectively equal to 
A A” and 6 A (Pig. 76) describe arcs intersecting in A. 
Join A A'. Through E, d, e, b, A draw an unbroken curved 
line. Also through E', d', e', A' draw an unbroken curved 
line. Then E « A A' E' is the pattern required. 

The lines dd', cd, Ed', dc', &o., are not needed for the 
working, they are drawn for the reason stated in § 82, end 
of Problem XXIII. 

(86.) IfV is inaccessible, corresponding points c, d,d' 
can thus be found. Prom the point E' along the arc E'A' 
set off an arc proportional to the arc E c in the following 
manner. Join 0 c (line not shown in fig.) and through O' 
draw O'c' (also not shown in fig.) parallel to Oc and 
cutting arc E' A' in c '; then arcs E' c' and E e will be pro¬ 
portional. (The student must particularly notice this 
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Drawings from Models ix South Kensington Musfum. {Part of Exh3>ii by the Author at the Inventions Exhibition^ 1886.) 
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method of drawing proportional arcs. It is ontsido the scope 
of the book to prove the method.) Now divide aroe E' c’, 
Ec each into the same number of equal parts, here two, iii 
the points d and d'; then d, d' and c, c’ are corresponding 
points, 

PROBLEM XXVI. 

To draw {he patlern for a iapcriwj body with top and base 
parallel, and having oblong bottom mth romul (qnadrant) 
comers, and circular top. The dimensions of tlw top and 
base of the body and its height being given. 

Again four cases will be treated of, three in this problem, 
and one in the problem following (see also § 79, p. 157). 

Draw (Fig. 77) the plan of the body (see Problem X., 
p. 183) preserving of its construction the centres 0 O' and the 
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points E'B' where the flat sides and flat ends meet the circle 
t»f the top. Join B B', E E' each in four places. From the 
pl»n we know (see g, p. 129) that the round comers of the 
body are portions of frusta ofoblique oones. 
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(86.) Looking at the plan, we can at once see that what 
we have to deal with ditfors somewhat from what has as yet 
been before ns. Hitherto a line passing through the centres 
of the plan arcs bisected the arcs, and the cone development 
was consequently identical each side of a central line. In 
Fig. 77, however, the line ‘ drawn through 0 O' does not 
bisect the plan arcs E B, E' B'. This affects the working 
but little, as will be seen. 

In Plate III. (p. 213) the tapering body is represented; 
also an oblique cone Z, the A portion of which corresponds 
to the A' portion of the body, and the development of the 
former is the development of the latter. 

Case I.—Pattern when the body is to be made up of four 
pieces. 

We will suppose the seams to correspond with the plan 
lines 0 E', D E', P B', A B', of ends and sides, as in Problems 
XXll. and XXIV. just preceding. Then one pattern, com¬ 
prising a'half-end, a complete comer, and a half-side, .will 
W the pattern required. 

To draw the pattern. 

Draw separately (Fig. 78) an E E', B' B portion of Pig. 77, 
thus. Draw an indefinite line S' d (Pig. 78), and with any 
point 0 (corresponding to 0, Pig. 77) in it as centre and 0 B 
(Fig. 77) as radius describe an arc B E. Join 0 O' (Pig. 77) 
and produce it cutting arc B E in d; make d B and d E (Pig. 
78) equal respectively to d B and dE (Fig. 77). Now (Fig. 
78) make d O' equal to d O' (Fig. 77), and with O' as centre and 
O' B' (Fig. 77) as radius describe an arc B' E'. Wake d' B' and 
d'E'equal respectively to d'B' and d'E' (Fig. 77). Joining E B', 
B B' completes the portion of Fig. 77 required. Now divi^a'. 
(Fig. 77) B E into any number of parts. It is convenient )tei 
take d as one of the division points, and to make d o eqaal 
to dE; leaving cB without further division, thus making 
the division of B E into throe portions not all equal In 
actual, practice the dimensions of the work will suggest the 
number of parts expedient. Now (Pig. 78) make dc equal 
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todecrig. 77), then BE (Fig. 78) will l,e ilivifled oorre- 
Bpondingly to BE (Pig. 77). Draw XX parallel to S'd; 
and at d and 0 dra^ dD, OQ porpcndiciikr to S'd; and 
meeting X X in D and Q; also through d’ and O’ draw d'D', 
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O' 0" perpendicular to S' d; the line O’ 0" cutting X X in Q’. 
Make Q' 0" equal to the given height of the hod.v, and draw 
CD' parallel to XX. Join DD', QO"; produce them to 
intersect in 8 (§ 80, p. 158); and from 8 let fall a perpen¬ 
dicular t) S' d, cutting S' d in S'. With S' as centre and S' E, 
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or S' c (which is equal to S E) and S' B successively as radii 
desorilw arcs cutting S' d in « and /. Draw « C, / P perpen¬ 
dicular to X X and cutting it in C and F; also join 0 8, F S, 
cutting 0" D' in C and F'. 

Noxtrdraw SD (Fig. 79) equal to SD (Fig. 78), and with 
S as centre and SO, SF'(Fig. 78j successively as radii 
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describe arcs e and h. With D as centre and radius equid 
to dE (Fig. 78) describe arcs cutting arc cc in E and C, 
With C as centre and radius cB(Fig. 78) describe an ago 
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cutting arc h in B. Join E, C, and B to S. Make S D' equal to 
SD'(Fig. 78) and with S as centre and S (J' (Fig. 78) as radius 
describe an arc c'c' cutting S E and SO in PI' and O' respoc- 
ti velv. With same centre and S F' (P'ig. 78) as ( adiiis describe 
an arc V cutting S B in IV. Thgongh E, D, 0, and B draw an 
unbroken curved line. Also through E', I)', O', and B' draw 
an unbroken curved line ; this will complete the pattern of 
the round corner. To .attaedr the half-end and half-side patterns 
to EE' and BB' re.sjiectively, the true lengths of E'D and 
B' A (Fig. 77) must be found. Draw (Fig. 77) E' II jasrpen- 
dioular to E' D and equal to the given height of the body; 
join D H, then DII is the true length of E' D. The lines 
B' E and B' A being equal, their true lengths are equal, we 
will therefore for convenience find the true length of B' A 
in that of B' F. Draw IV G perpendicular to B' P and equal 
to the given height, join F ti, then F G is the tme length 
required. Now with E' (Fig. 79) as centre and DH 
(Fig. 77) as radius, and E as centre and i-adius E Ii( P’ig. 77) 
desd'ibe arcs inlorsecting in G. Join E G, G E'; this 
attaches to E' E the half-end pattern. With B' (Fig. 79) 
as centre and F G (Fig. 77) as _^iu8, and B as centre and 
radius BA (Fig. 77) describe arcs intersecting in A. Join 
B A, A B'; this attaches to B' B the half-side pattern. Then 
A B' E' Q is the complete pattern required. 

Case II.—Pattern when the body is to be made up of two 
pieces. 

Here it will be best that the seams shall ojrrespond with 
the lines A B', F B', that is with the middle of each side. 
The required pattern will then be double that of Case I. 

Draw (Fig. 80) EBB'E', the comer pattern, in exactly 
lie same manner that E B B' E' (Pig. 79) is drawn. With 
B' as centre and E'E as radius, and E as centre and B E 
(Fig. 77) as radius describe arcs intersecting in F. Join 
E P, F E'. Prodnoc F E' indefinitely and make F S' equal to 
ES. *TJsing 8’ as centre, the round comer FGB'E' can be 
drawn as was E B B' E. Witlx B' as centre and F G (Pig. 77) 
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as radius, and B as centre and B A (Fig. 77) as radius de¬ 
scribe arcs intersecting in A. Similarly with B' and G as 


Fio. 80. 



centres and same radii respectively describe arcs intersecting 
in F. Join BA, AB', GF, FB', then ADFFB'E'B' wiU 
be the pattern required. 

Case III.—Pattern when the body is to be made up of one 
piece. 

We will suppose the seam to correspond with 0 B' the 
middle of one end. Draw G F D B B' E' B’ (Fig. 81) to the 
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same manner that G F D B B' E' B' (Fig. 80) is drawn. With 
B' as centre and B' B as radius, and B as centre and B B 
(Fig. 77 ) as radius describe arcs intersecting in A. Join 
BA, A B'; pr. duce A B' indefinitely. Mak(‘ A P equal to 
SF (Fig. 78). With P as centre and SC and B4) succus- 

Fig. 81. 



sively as radii describe arcs h and I, and with A as centre 
and Be (Fig. 78) as radius describe an arc cutting arc h in 
H. With H as centre and cd (Fig. 78) as radius describe an 
SIC cutting arc 2 in L; and with L as centre and same radius 

p 2 
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describe an arc cutting arc It in M. .loin H, L, and M to P. 
With P as centre and SC (Fig. 78) as radius describe arc h' 
cutting PH and I’M in H' and M' respectively. With 
same centre and S D' (Pig. 78) as radius describe arc F 
cutting P L in L'. Through the points A, H, 1, M draw an 
unbroken curved line. Also through the points B', H', L', M' 
draw an unbroken curved lino. With M' as centre and D H 
(Fig. 77) as radius, and M as centre and E C (Fig. 77) as 
radius describe arcs intersecting in N. Join MN, NM*. 
Itepeaiing the working to the hit of B'G, the GOO'B' 
portion of the pattern can be drawn which completes the 
pattern required. 


PEOBLEM XXVII. 

Tu dram, without long radii, (he, paitem for a tapering body 
with top and bate jiaraUel, and having oblong bottom with 
round quadrant vomers, and circular top. The.dimenswns 
of the top and base of the body and its IteigM being given. 

This problem is a fourth case of the preceding, and is 
exceedingly useful where the work is so large that it is in¬ 
convenient to draw the whole of the plan, and to use Itmg 
radii. 

To draw the pattern (with the body in four pieces as in 
Case I. of preceding problem). 

Draw (Fig. 82) Eci A6'c'(?, one quarter of the plan of: 
the body. Divide the arc (quadrant) d b into any number 
of equal parts, hero two, in the point c, and the are d' h' into 
the same number of equal parts in the point c'; and join « d . 
Through d! draw (f P perpendicular to (f E and equal to 0b 
given height of the body. From d' along d'E mark off (fB, 
equal to bb', and d'D equal to ec' and dif (which two lines 
have hapnened to come in this particular fig. so* neatly 
equal tliat we may take them as equal), and join B P, EF, 
and D F; then B F and E F will be the true len^hs of 6 F, 
and Ed' respectively, and DF may be taken as the true 
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length of both « c' and dS. Next join c'd, 5'c; draw c' c", 
V h" perpendicular to c'd, h'e respectively, and each equal to 
the given height; and join dc" and c6"; then d c", c h" may 


Fio. ^82. 



he taken as the true lengths of c'd and b'e respectively. 
Draw Vh" perpendicular to i'A and equal to the given 
height, and join A 6", then A b" is the true length of b’ A. 

Next draw (Rg. 83) d d! equal to D F (Fig. 82), and with 
d end d' as centres and radii respectively equal to d c" and 
d'e' (Rg. 82), '’esorihe arcs intersecting in c'. With c' and 
d as centres, and radii respectively equal to DF and dc 
(Rg. 82) describe arcs intersecting in e; and with c and o' 
as centres and radii respectively equal e b" and c' V (Fig. 82) 
describe arcs intersecting in V ; also with b' and e as centres 
and radii respectively equal to B F and ch (Rg. 82) describe 
arcs intersecting in b. With d and d as centres and radii 
respectively equal to EF and dE (Rg. 82) desoiibe arcs 
intersecting in E; and with 5' and b as centres and radii 
respectively equal to 6" A and 5 A (Fig. 82) describe arcs 
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intersecting in A. Through d, e, h, draw an unbroken carved 
line. Also through d\ r\ V draw an unbroken curved line. 


Fia. 8a 



Join dE, d'B, bA, and b'A; then EcAb'd' is the pattern 
required. 

The lin4 cc', bb', &o., are not needed for the working, 
they are drawn for the reason stated in § 82, end of Problem 
XXIII. 


PROBLEM XXVIII. 

To draa the pattern for an Oxford Up-halh, the like dimemone 
to time for ProUem XI. hemj given. 

It is only necessaiy to treat of two cases, one in this 
priddeiii, and one in the problem following (see also § 79, 
p. 167). 

Draw (Fig. 84) the plan of the body(soe Problem XI.,p. 184), 
preserving of its construction the centres 0, F, P, Q', Q; the 
points D, D' (two sets) in which the arcs, in plan, of th# 
back end sides meet each other; and the points h, if (two 
sots) in which the plan arcs of the sides and front meet each 
other. Join by (two places) as shown in the fig. Examining 
the plan of the bath we see (d, p. 65) that the back of it, 
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DADD' A'D', is a portion of a right cone; that the shies 
DD'^'h are ( 3 , p. 12 J) each of them a portion of an oiilique 
cone; and that the portion hg'g'h is also a portion of an 
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oblique cone. Similarly as in Problem XXIT. (§ 83, p. 198) 
the ares Dh, D' 3 ’ and B/i, B'g' are, neither pair, propor- 

^'''Tn Plate IV. (p. 227) is a representation of an Oxford hi^ 
bath, also of a right cone ic, and two oblique cones Y and . 
fbe cones show to what portions of their surfaces the 
portions of the batli correspond. Thus the back. A, ofthe 
bath corresponds tc the A portion of right cone »; the half- 
fixmts, C, of the bath correspond each oi «iem *0 the t 
portion of oblique cone Y, and the sides, 11, of the teth 
wrrespond each of them to the B portion of oblique c..no ^ 
Patterns when the body is to bo made up of three 

^'^will put the seaniS to correspond with the linos DI) 
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(two places), and BB'. Clearly, only two patterns will be 
required, one for the back of the bath, and the other for 
a complete side and a half-front. 

To draw the pattern for the back. 

Draw,EA A'0'0 (Fig. 86) the elevation of the back (see 


Fig. 85. 



Problem XI. and Fig. 24o, p. IS.*)) and produce A A', 0 O' to 
intersect in 0". W ith 0 as centre and 0 A as radius describe a 
quadrant A D (corresponding with A D, Pig. 84), and divide 
it into any number of equal parts, here three, in the points 
b and e. Draw c C, h B perpendicular each of them to AO 
and cutting it in points B and 0. Join 0"C, and produce it 
to cut 0 E in C; and through C draw C C" parallel to A 0 
and cutting O' E in C". Join 0" B and produce it to out 
OE in B’; and through B' draw B' B" parallel to AO and 
cuttingC'lE in B". Then AO" is the true length of 00, 
and A B" the true length of B B' 
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Next draw (Fig. 86) 0''A equal to 0"A (Fig. 85), and 
with 0" as centre and radins 0" A deserihe an arc 1) A D, and 
with same centre and C'A' (Fig. 86) as radius describe an 


Fig. 86. 
JS 



arc D'A'D'. Mark off, right and left of A, AB, BC, and 
CD, each equal to A6 (Fig. 85), one of the equal parts into 
which the quadrant AD is divided. Join DO", CO", BO" 
right and left of A 0", and produce 0" A, 0" B, 0" C indefi¬ 
nitely. Make A E equal to A E (Fig. 85); B B" equal to 
AB" (Fig. 85); and CC" equal to AC" (Fig. 85); and 
through D, C", B", E, B", C", D, draw an unbroken curved 
line. Then D ED D'A'D'is tlie required pattern for back 
of bath. 

To draw the pattern for a side and a half-front. 
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Draw separately ,D' D fh g' (Fig. 87), the D' D /i «)i' portion 
of Fig. 84, thuB. Draw any line X X and with any point Q 
(to correspond with Q, Fig. 84) in it as centre and (same 
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fig.) Q D (the D on the further side of A B) as radius desoriiw 
an arc D equal to D A of Fig. 84. Make D Q' equal to D O’ 
(Fig. 84), and with Q' as centre and Q’D' (the further D', 
Fig. 84) as radius describe an arc D' ^ equal to D* s' of Fig. 84 
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Joining R/ completes the portion of Fig. 84 requirea. Now 
from D' and Q’ draw D' D", Q' Q" lierpondioular to X X and 
each equal to the given height of the D B D p)rtion of the 

bath. Join DD", QQ": ^ 

(S, 80 p. 158); and from Slot fall SS pori^ndmulai^to XIL 
produce it to cut arc DR lu 3 , then gaud^ 

equal parts.here three, in the ptnnts e and/. Join Q D . Wit 
S-as cLtro and S' e, S'/, and S’ g successively as radii describe 

arcs cutting XX in Fe F, ^ 

linos cutting Q" D"» produced, in ^X X in H 
centre and S' It as radius describe an arc cutting X X i , 

and join HS. TVB/io' (Fig. 88 ) one of the 

Next draw separately i^ang ) , 

B'BL-portionsofFig.84,thus. Draw any line X X and 


Fin. 88. 



,rith Pas centre and PB (Itig- oa; as 
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B' jt' equal to B' g' of Fig. 84. Joining hg' completes the por¬ 
tion of Pig. 84 required. Now from B' and F draw B' B", 
F F' perpendicular to X X and each equal to the given 
height of the D B D portion of the bath. Join B B", P P"; 
produce them to intoreect in R {§ 80, p. 158); and from E 
let fall RE'perpendicular to XX. Join R'A, cutting arc 
B'l;' in V, then h and H will bo corresponding points. 
Divide B A into any number of eiiual parts, here two, in the 
pointy. Join F'B". With E' as centre and R'y and E'A 
successively as radii doscribo arcs cutting X X in J and H; 
join these points to E by lines cutting P" B" in J' and H'. 

Next draw (Pig. 89) a line D S equal to D S (Fig. 87). 


Fra. 89. 



With Sascontreand SB,SP,SQ’, and SH (Pig. 87) succes¬ 
sively as radii describe arcs e, /, g, and A. With D as centre 
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and radius equal to D e (Pig. 87) describe an arc cutting arc 
«in E, and with same radius and E as centre describe an arc 
cutting arc/in P. With F as centre and same radius de¬ 
scribe an arc cutting arc g in G, and with G as centre and 
radius g h (Pig. 87) describe an jrc cutting arc 4 in H. Join 
the points E. P, and G (not H) to S. Make SD' equal to 
S D" (Fig. 87) ; and make S E’, S P’, and S G' respectivi ly 
equal to S E', S F', and S G' (Fig. 87). Through the points 
D, E, P, G, H draw an unbroken curved lino. Also through 
points D', E', P', G' draw an unbroken curved lino, and join 
H 6'. This completes the side pattern, to which we have 
now to attach, at H G', a half-front pattern. With H and G' 
as centres and radii respectively equal to HH' and g'h' 
(Fig. 88) describe arcs intersecting in IT. Join H H'; pro¬ 
duce it indefinitely and make IIB equal to IIB (Pig. 88). 
With B as centre and E J, B B successively as radii describe 
arcs / and h. With H as centre and hj (Pig. 88) as radius 
describe an arc cutting arc/ in J, and with same radius and 
J as centre describe an arc cutting arc h in B. Join the 
'points J and B to B, and make E J' and KB' respective^ 
equal to E J' and E B" (Fig. 88). Through H, J, and B draw 
an unbroken curved line. Also through H', J', and B' draw 
an unbroken curved line. Then DPHBB'G'D' is the 
complete pattern required. 


PEOBLEM XXIX. 

To draw, without long radii, the pattern for an Oxford 
hip-ba(h; given dimensions as before. 

This problem is a second case of the preceding. 

Patterns when the body is to be made up of three pieces 
with seams as in the preceding problem. 

To draw the pattern for the Imck. 

Draw B A A' O' 0 (Fig. 90) the elevation of the bac^ 
Fig. 86, and produce O'O. With 0 as centre an^. 
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radius describe a quadrant A D corresponding with A D, 
Fig. 84), and divide it into any nnnjber of erjual parts, here 
three, in the points b and f. Join ^0, cO, and with 0 as 
centre and radiu< O'A' doseribo a quadrant D'A" (corre¬ 
sponding with D’ A', Fig. 8f), and cutting lines 0 c, 0 6 in 
e' and V respectively. Then D D' A" A will bo the plan of 
that portion of the back of the bath of which O'A'OA is the 
elevation. Through h and c draw b B and c C irerpendicular 
to 0 A; and through b' and c' draw S' B' and c' C perpendi¬ 
cular to O'A'. (Here part of S'B' happens to coincide with 

Fie. 90. 



part of « C). Join B' B, C C, and produce them to meet 0 B 
in B" and C" respectively. Through C" draw 0”«" paialld 
to 0 A, and through B" draw B" S" parallel to 0 A. Throng' 
D' draw D'D" perpendicular to D' 0 and equal to tlio|flh|M 
height of that portion of the bath, and join D D", tiien D® 
will be the true length of D' D. Join D o'; through ef' 
e'F perpendicular to c'D and equal to the given height, 
join D P, then D P may be taken as the true length of lOiiS 
In drawing the pattern, we will first set out that 
/ WitO'A' [lortion of the back, and then attach to 
sively JEor the 0 E A portion. It is evident that the 0 
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^rtion iiihalf a right cone frushim, atid therefore its'patterrf 
be drawn (see Problem VIII., p. II), time. Draw (Fig. 01) 
iiiline D D' (the line D D' left of E A') eijiial to D D" (Fjg. 
too). With D and D' as centres and radii respectively equal 
to DP and D'c' (Pig. 90) describe arcs intersecting in c'. 
iwith D' and D as centres and radii respectively equal to 
P and D e (Pig. 90) describe arcs intoisecting in e. To 
ffind points 6 and h' proceed as just explained and -with the 
Lame radii, but c and o' as centres instead of D and D'. 
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Similarly to find A and A', and the points b and V, &c., on the 
right-hand side of A A'. Through the points D', c', b', A’, V, 
D' draw an unbroken curved line. Also through D, c, h, 
^ 6, c, 3' draw an unbroken curved line, and join D D'. This 
bomplotos the pattern for the 0 A O' A' portion of back of 
wth, to which wo have now to attach, at D A D, the pattern 
^ the OEA portion. Join A'A; produce it indefinitely 
^(1 in?io A E equal to A B (Pig. 90). Next join, right and 
|oCt of . - A', b'b, e'e, and produce them indefinitely; make 
k", right and left of A A', equal to At" (Fig. 90). Also 
Urtlrn r r” right andieft <rfA_A', equal to Ac" (Pig. ^O), and.. 



226 METAL-PLATi WOBK. 

fthrongK tha points D, d’, b", E, V, o“^ D draw an unbroken 
curved line j then D E D D' A' D' is the complete pattern 
required. 

To draw tho side and half-front pattern. 

Draw separately (Pig. 92) tho BADD'iy'B' ]x)rtion of 
Fig. 84, that is, the plan, of a side and half-front of the bath 
Join h g' (as was done in Fig. 84). Wo now have to get at 
corresponding points in the ares D h, D' g', and also in the arcs 
i B, p' B. We do this by the method given in § 85, p. 202, ■ 
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thus. Join Q' gf and through Q draw Q g jmrellel to Q'and 
cutting arc D k in <jf; then the ares D«? and D' y' will be the 
proportional. Now divide arc D y into any number of equal 
parts, here two only to avoid confusion, in the pokt e, and 
divide the arc D' j' into two equal parts in the point e'; then 
«,e' and g,g' are correspdnding points. Next join Pi and 
through P draw Pi' parallel to P i and outtingaro B' g’ in i'. 


PLATE IV. (see p. 217> 
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parts, here two, in the points/and f respectively; then/./ 
and h, V are corresponding points. Join e e\ g g\ ff, and h h'. 
Through B' draw B' A perpendicular to B’ B and equal to the 
given height of that portion of the bath; and from B' alohg 
B' B mark off B' F, B' H, B' 6, and B' E respectively equal to 
ff, hh', gg', and ee'. Jom BA, FA, IT A, GA and EA; 
then BA, F A, II A, GA, and EA will he respectively the 
true lengths of B B’, ff,h h', g g', and e e'. Join /' B, h’f ,«' g, 
and D'«; through / draw ff perpendicular to/'B, and 
equal to the given height, and join B/', then B/' may bo 
taken as the tine length of/'B. Through h',g', e', and D' 
draw /(' i", g' g", e' e", and I)' D", perpendicular to h’f, g' h, e' g, 
and D' e respectively, and each equal to the given height; 
also draw D' D" perpendicular to D D' and equal to the given 
height; and join //»", hf gd', eD", and 1)D"; then/k", 
h f, g e", e D", and D D" may lie taken as the true lengths 
of Kf, g'h, e' g, D' e, and D'D respectively. 
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Next draw (Fig. 93) BB' equal to BA (Fig. 92), and with 
B and B' as centres and radii respectively equal to Bf and 
B'/'(Fig. 92) describe arcs intersecting in/, and with / and 
B as centres and radii respectively equal to P A and B f 
(Pig. 92) describe arcs intersecting in /. With / and’ f as 

to a"*! /' 92) 
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describe arcs inteTseoting in h', and wifli h’ and / as ^tres 
and radii respectively equal to HA and/J (Fig. 92) describe 
arcs intersecting in h. With & and h' as centres and radii 
re&pectively equal to li g" and V / (Fig. 92) describe arcs inter¬ 
secting in /, and with g' and h as centres and radii respectively 
equal to G A and hg (Fig. 92) describe arcs intersecting in 
g. With g and g' as centres and radii respectively equal to 
and g'd (Pig. 92) describe arcs intersecting in e', and 
with e' and g as centres and radii respectively to E A and g e 
(Fig. 92) describe arcs intersecting in e. With e and e' as 
centres and radii respectively equal to e D" and e' D' (Fig ,92) 
describe arcs intersecting in D', and similarly «ith D' and e 
as centres and radii re,sj)ectivoly equal to Dl)" and eD 
(Fig. 92) describe arcs intersecting in D. Join DD'. 
Through B, / h, g, e, D draw an unbroken curved line. 
Also through B',/,/i',/, e', D' draw an unbroken curved 
liqe. Then B y D D' / B' is the pattern required. 


PROBLEM XSX. 

To draw thepatkm for an cbhng taper hath, the Uke dmemon»< 
to Owee for PrMem XIII. being given. 

Again, it is only necessary to treat of two oases—one in this 
problem, and one in the problem following (see also § 79, 
p.167). 

Draw (Pig. 94) the plan of the body (see Problem- 
p. 140), preserving of its constmetion the centres 0,0'; and 
the points h,b', a, a', h,h'. A, A', B, B', in which the 

straight lines and arcs meet each other. Join 6,5', a, a'j s, i, 
h, h', A A' (two places), and B B' (two places) as shown in 
the fig. Examining the plan we see (d, p. 66) that each 
round comer A A' B B' of the toe is the same portion of a 
right cone frustum; and each of the round comers a «' Vb, 

I»' h' h, of the head are the same portion (j, p. 129) of kn 
oblique cone frustum. "As we proceed .it will be s(^p 
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the oonsiftiction of the pattern for the round oomera of the 
head of bath is exactly the same as that for the round 
corners of the body in Problem XXVI. (soo also § 86, 

p. 206). 

In Plate V. (p. 287) is a representation of an oblong 
Fio. 94. 


1 > 




ta|ier bath, also of an oblique cone Z, the k poriion of 
wych corresponds to the k! portion of "the tody, and the 
development of the former is the development of the latter. 
Patterns when the body is to be made up of four pieces. 

* We will put the seiims to correspond with tlie lines (! A', 
pit'. U P'. and OC’. The patterns lequired will be three, 
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one for the head of the bath, one for t’^e too, and one for 
the aides. The pattern for the toe can be readily drawn by 
Problem XXVII, p. 90. Likewise the pattern Tor tho sides. 
The pattern for the head is drawn as follows. 


Kis. 35 



Draw separately (Fig. 96) a headnxnner portion of 
Fig. 94, say a a' b’b, thus. Draw an indefinite line S'd 
(Fig. 96), and with any point 0 (corrosponding to 0, 
Pig. 94) in it as centre and Oa (Fig. 94) as radios describe 
an arc 6 a. Join 00' (Fig. 94) and pro^iU8.j3i|8i^ 
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6 o in d; make db and da (Fig. 95) eqnal respectively to 
d5 and da (Fig., 94). Now (Pig. 95) make dO' equal to 
dO' (Fig. 94), and with O' as centre and O'a’ (Fig. 94) as 
radius describe an arc 6'o’. Make d'V and d’a’ equal 
respectively to d’V and d'o’ (Pig 94). Joining 56’, a a’ 
completes the portion of Fig. 94 required. Now divide 
(Fig. 94) 6 a into any number of paite. it is convenient 
‘ to take d as one of the division points, and to make d c equal 
to do; leaving cb without further division, thus making 
the division of 6 a into three portions, not all equal. In 
actual practice the dimensions of the work will suggest the 
number of parts tiecessary. Here 5 c is left without further 
division in order to make clear the corresjamdenco of this 
problem to Problem XXVI., p. 205. Now (Fig. 96) make 
dc eqnal to dc (Fig. 94), and then 6 a will bo divided 
correspondingly to 6 a (Fig. 94). Draw XX parallel to 
S'd; and at d and 0 draw dD, OQ perpendicular to S'd; 
and meeti ng X X in D and Q; also through d’ and O' draw 
d' pbrpendionlar to S' d; the line O' 0" cutting X X 

in Q'. Make Q'O" equal to the given height of the bath, 
and di-aw CD' parallel to XX, and cutting d'D' in D'. 
Join DD', QO"; produce them to intersect in 8 (§ 80, 
p. 158); and from S let fall a perpendicular to S'd, cutting 
S' d’ in S'. With S' as centre and S' a, or S' c (which is equal 
to S' a) and 8’ 5 successively as radii describe arcs cutting 
S'd in 3 and/. DrawjC,/B perpendicular to XX and 
cutting it in C and B; and join CS, B S, cutting CD' in 
O' and B'. 

Next draw SD (Pig. 96) eqnal to S D (Pig. 96) and with 
S as centre and SC, SB (Pig. 96) successively as radii 
describe arcs c and 5. With D as centre and radius equal 
to do (Fig. 96) describe arcs cutting are c in A and C. 
Witl? 0 as centre and radius cb (Fig. 95) describe an arc 
outy/ig arc 6 in B. Join A, C, and B to S. Make S D 
eqirtl S D (Fig. 96) and with S as centre and S C’ (Pig. 96) 
dwribe an arc (not shown in the fig.) cutting 8 A and S C 
iitijlIuLC resp.astolyj.mako SB' equal to SB' (Pig. 96). 
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Through A,D,C, and B draw an nnbruken ourrod lina 
Also through A', D', O', and B' draw an unbroken curved 
lino; this will complete the ])atteru for a head-oomar. To 
atlach the patfenis fur the flat portions of the head to A A' 


Fra. 96. 



and B B' respectively; dtiw throngh a' (Pig. 94) a line a' P 
irarpendionlar to o'and through V draw V(i perpendicular 

hih'D*. 

Now draw (Pig. 94) o'P pernendic ulBr to o’ P inil 
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to the given height of the bath, and j^in F P, then FP is 
the true length of F o'. 

Next draw 6'E perpendicular to 6'G (6'E will of course 
coincide ''wth the ■ line h' B') and equal to the given heigHt; 
join G B, then G B is the true length of G b'. Now with B' 
(Fig. 90) as centre and G B (Pig. 94) as radius, and B as 
centre and radius h G (Fig. 91), describe arcs intersecting 
in G. Join B G, B' 0. Witli A' (Fig. 96) as centre' and P P 
(J^. 94) as radius, and A as coiitre and t^ins a F (Pig. 91) 
describe arcs intersecting in P. Join A F and produce it 
indefinitely, and make A* equal to as (Fig. 94); through 
A' draw A' s' parallel to A s and equal to o' s' (Pig. 94); and 
join s s'. The pattern for the portion, seen in plan in Fig. 94, 
G 6 o s s' a' 6' of the head of the l)ath is now completed. It is 
needless to work out in detail the addition of the portion 
(Pig^ 96) sA G h'fa! of the pattern, by which we complete 
the head pattern GEGA'E'B'. The extra lines in this 
lattejmy;tion of the pattern appertain to the next problem. 


PBOBLBM XXXL 

To draft, without long radii, the pattern for an d>long taper 
hath; given dimensions as in Problem XXX. 

This problem is a second case of the preceding. 

Patterns when the body is to bo made up of four pieces 
with seams as in preceding problem. 

Again, the patterns required will be three; one for the 
head of the bath, one for the toe, and one for the sides. The 
latter pattern needs no description. The pattern for the toe 
.can be readily drawn by Problem XXVIll., p. 94. The 
pattern fur the head can be drawn as follows. 

Draw half the plan of the bath, as the lower half of Pig. 
94, and divide the arcs sA, s'A', each into an}'number at 
equal parts, here two, in respectively the points/and/*,and 
join//. Draw (Pig. 94o) any two lines KS, EL perpen- 

f/k unH iinairo TT Ti Annul tn mvAn 
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hoignt of the bath. From K along K S mark off E H eqnal 
to hV, KF equal to//, anil K S equal to as'; and join L H, 
L F, L 8; then L H, L F, and L S are the true lengths of 
h V, //, and s s' resi)eotively. Next join (Fig. 94) fh,iifi 
draw //', s' s", perpendicular to / h, a'f respectively, and 
each equal to the given heiglit; and join hf, ft"; then hf, 
ft" may bo taken respectively as the true lengths o{ fh and 
s'f. The true length of V G may be found along K B' as 
was that of liG in Problem XXX. abitig t'B'; it will of 
course te equal to 6 R, and wo shall speak of it as G R. * 
Next draw (.'-ee Fig. 96, left-hand portion) ss' equal to 
LS (Fig. 94a), and with s' and s as centres and radii 
respectively eqnal to ft" and s/ (Fig. 94) describe arcs 
intersecting in /. With / and s' as centres and radii 
respectively e<inal to LF (Fig. 94a) and s'/ (Fig. 94) 
describe ares intersecting in/; and with / and / as centres 
aqd radii respectively equal to hf and fh (Fig. 94) descrilio 
arcs intersecting in h; also with h and / as centres and 
radii respectively equal to Lll (Fig. 94a) and 94) 

describe arcs intersecting in h'. With ft' and h as centres 
and radii respectively equal to G R and /»G (Fig. 94) 
describe arcs intersecting in G. Through s,/il, draw an 
unbroken curved lino. Also through t',/,h' draw an un¬ 
broken curved line; and join ft 0, G h'. Then s A G J'/ s' is 

the pattern for the portion of the head of the bath repre¬ 
sented in plan in Fig. 94 by the same lettering. It is unne¬ 
cessary to pursue the pattern further. 



rL*A'iJJi 'V. ^.see p. ssoij, 
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